gUt  6>K 


81266R69 

original 


GROUND  WATER  RESOURCES 


OF  THE  BEDROCK  AQUIFERS  OF 


Rocky  Mountain  Arsenal 
Information  Center  _ 
Commerce  City,  ColOT* 


THE  DENVER  DASIN 


COLORADO 


file  copy 


DISTRIBUTION  STATEMENT  A 

Approved  for  Public  Release 
Distribution  Unlimited 


/£/  -N&\ 

/  7  ^  -ro  \®\v 

[2;  /A.  .I??! 

A*  *-CT  #*w.  ffiJ| 

\'Crxt  VV‘l k 


^tr/ATE^' 


2000051/  048 


STATE  OF  COLORADO 
Deportment  of  Noturol  Resources 


Dl\  SSION  OF  WATER  RESOURCES 


B7600012 


1376 


Reproduced  From 
Best  Available  Copy 


STATE  OF  COLORADO 
Department  of  Natural  Resources 

Division  of  Water  Resources 


REPORT  ON  THE 

GROUND  WATER  RESOURCES  OF 
THE  BEDROCK  AQUIFERS  OF  THE  DENVER  BASIN 

COLORADO 


Copies  of  this  report  at  $  may  be  ordered  from 

COLORADO  DIVISION  OF  WATER  RESOURCES 
Records  Section 

Room  802  1313  Sherman  Street 

Denver,  Colorado  60203 

Make  checks  payable  to  Colorado  State  Engineer 


HARRIS  SHERMAN 
Director 

Department  of  Naturol  Resources 


RICHARD  D.  LAMM 
Governor 

State  of  Colorado 


($.J.  KUIPER 

State  Engineer 
State  of  Colorado 


FOREWORD 


TO: 

The  Honorable  Richard  D.  Lamm 
Governor  of  the  State  of  Colorado  ‘ 

State  Capitol 
Denver,  Colorado  80203 

Dear  Governor  Lamm: 

In  the  course  of  administering  ground  water  underlying  what  is 
generally  referred  to  as  the  Denver  Basin,  consisting  of  some  6,000  square 
miles  and  including  all  or  parts  of  Adams,  Arapahoe,  Douglas,  Elbert,  El  Paso, 
Jefferson,  Morgan  and  Weld  Counties,  the  paucity  of  data  on  aquifer  character¬ 
istics,  water  quality  and  quantity  has  always  presented  difficulties  and  misunder¬ 
standing  among  the  water  officials,  professional  consultants,  water  users,  the 
courts  and  the  general  public.  In  order  to  define  the  general  geology  and  aquifers 
in  the  Denver  Basin,  I  directed  the  Ground  Water  Section  of  the  Division  of  Water 
Resources  to  compile  all  of  the  information  available  from  many  sources,  interpret 
this  information  and  publish  the  findings  for  the  use  of  the  general  public  in  deter¬ 
mining  the  extent  and  nature  of  this  underground  water  supply  and  to  assist  the 
administrators  in  the  Division  of  Water  Resources  to  rationally  assess  availability 
of  water  for  development  along  with  the  effect  of  such  development  on  existing 
uses. 


This  report,  due  to  its  highly  technical  content,  is  published  pri¬ 
marily  for  the  use  of  experts  in  the  field.  Another  report  on  the  same  subject, 
"Ground  Water  Resources  of  the  Bedrock  Aquifers  of  the  Denver  Basin,  Colorado,  " 
will  be  a  less  technical  synopsis  of  this  report  for  the  use  of  laypersons  such 
as  County  Commissioners,  Planning  Commissions  and  the  general  public. 

These  reports  were  prepared  by  Mr.  John  C.  Romero,  Water  Resource 
Engineer,  Division  of  Water  Resources,  Department  of  Natural  Resources,  under 
the  general  supervision  of  Dr.  Bruce  E.  DeBrine,  Deputy  State  Engineer  in  charge 
of  the  Ground  Water  Section. 

The  synopsis  is  being  prepared  and  will  be  transmitted  to  you  in 
the  very  near  future. 


Respectfully  yours , 


jyKuiper 

Director  (State  Engineer) 
Jiylsion  of  Water  Resources 
State  of  Colorado 
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INTRODUCTION 


PURPOSE  AND  SCOPE  OP  THE  INVESTIGATION 


The  extensive  use  of. ground  water  for  municipal,  domestic,  commer¬ 
cial  and  industrial  supplies,  the  current  intensified  suburban  and  rural 
development  and  the  perpetual  search  for  supplemental  water  have  resul¬ 
ted  in  the  need  for  a  thorough  hydrogeologic  appraisal  of  the  bedrock 
aquifers  of  the  Denver  Basin.  In  the  past,  municipalities,  industries, 
and  other  water  users  could  depend  upon  existing  surface  and  ground 
water  supplies.  Population  increases  east  of  the  Front  Range  eventually 
required  construction  of  storage  reservoirs,  diversions  from  streams  and 
more  recently  transmountain  diversion  wherein  water  from  the  Western 
Slope  is  collected  and  diverted  to  the  Eastern  Slope  for  use  in  areas 
such  as  metropolitan  Denver  and  Colorado  Springs.  At  present  there  is  a 
trend  for  population  growth  to  occur  along  and  beyond  the  periphery  of 
the  metropolitan  areas  to  rural  areas.  This  expansion  of  population  is 
beginning  to  tax  the  capabilities  of  present  water  supply  facilities. 
Although  future  demand  may  be  in  part  satisfied  by  additional  transmoun¬ 
tain  diversions  and  storage  facilities,  it  is  inevitable  that  ground 
water  from  the  bedrock  aquifers  of  the  Denver  Basin  will  be  called  upon 
to  either  supplement  or  furnish  the  entire  water  supply  for  some  areas. 

As  of  this  writing,  the  Denver  Basin's  bedrock  aquifers  furnish  the  sole 
supply  of  water  to  no  less  than  20  municipalities  and  an  equal  number  of 
smaller  water  agencies.  In  addition,  about  10  water  agencies  in  the 
Denver  Basin  rely  upon  the  bedrock  aquifers  to  supplement  surface  water 
supplies.  The  current  utilization  trend  is  expected  to  continue. 

The  purpose  of  this  investigation  is  to  evaluate  the  hydrogeologic 
characteristics  of  the  bedrock  aquifers  in  the  basin,  and  the  origin, 
movement,  quantity,  availability,  and  vise  of  the  ground  water.  The 
chemical  quality  of  the  water  and  its  suitability  for  different  uses  are 
also  evaluated.  Consideration  is  given  to  the  present  and  probable 
future  distribution  of  deep  wells  in  the  Denver  Basin,  and  to  the  possi¬ 
ble  effects  of  long-term  withdrawals  from  the  various  aquifers. 

This  investigation  was  conducted  at  the  request  of  the  Colorado 
State  Engineer.  It  is  intended  for  use  as  a  guide  in  the  administration 
of  ground  water  withdrawals  from  the  bedrock  aquifers,  for  local  plan¬ 
ning  agencies,  municipalities,  water  distribution  agencies,  and  private 
individuals  interested  in  developing  a  supply  of  water  from  the  bedrock 
aquifers  of  the  Denver  Basin. 

f 

All  numerical  data  of  this  report  are  represented  by  both  the  metric 
and  English  (in  parenthesis)  systems  (both  rounded). 


LOCATION  OP  THE  STUDY  AREA 

The  area  described  in  this  report  consists  of  about  15,500  square 
kilometers  (6000  square  miles)  and  includes  all  or  parts  of  Adams,  Arapa¬ 
hoe,  Douglas,  Elbert,  El  Paso,  Jefferson,  Lincoln,  Morgan  and  Weld 


Counties,  Colorado.  The  area  is  roughly  oval  in  shape,  has  a  north-south 
length  of  about  193  kilometers  (120  miles)  and  a  maximum  width  of  about 
112  kilometers  (70  miles).  Descriptively,  the  study  area  extends  from 
Greeley  south  to  a  point  about  40  kilometers  (25  miles)  southeast  of 
Colorado  Springs  and  from  Golden  east  to  about  19  kilometers  (12  miles) 
east  of  Deer  Trail  (Fig.  1). 


PREVIOUS  INVESTIGATIONS 

Much  of  the  area  investigated  in  this  report  has  been  studied  by 
previous  workers.  The  investigations  are  about  equally  divided  between 
those  of  a  strictly  geologic  nature  and  those  of  a  strictly  hydrogeolo¬ 
gic  nature.  Investigations  of  a  regional  magnitude  include  those  by  McCoy 
(1893),  Daxton  (1905),  Lovering  (1932),  Kittlemen  (1956),  and McConaghy, 
et  al  (1964).  The  Denver  Regional  Council  of  Governments  (1965,  1969) 
has  produced  many  useful  data  on  both  ground  water  properties  and  water 
demands  of  the  greater  metropolitan  Denver  area.  Emmons  (1898) ,  .  Johnson  ^ 
(1934),  LeRoy  (1946),  Reichert  (1954,  1956),  Van  Korn  (1957),  Smith  (19o4), 
Scott  (1962,  1963),  Bellew  (1957),  and  Malek-Adani  (1950)  have  provided  a 
great  amount  of  geologic  information  on  the  sedimentary  and  igneous  rocks 
along  the  east  flank  of  the  "Foothills  Belt"  from  the  Golden  area  to 
Perry  Park  southwest  of  Castle  Rock.  Waage  (1959)  specialized  in  a  Dakota 
group  study  and  Wahlstrom  (1947)  dealt  with  the  physiographic  history  of 
the  Front  Range.  Richardson  (1915)  and  Gabriel  (1933)  examined  the  Castle 
Rock  area.  Varnes  and  Scott  (1967),  Finlay  (1916),  Jenkins  (1964)  and 
Soister  (1968)  provided  useful  geologic  data  from  the  Air  Force  Academy 
area  at  the  southern  end  of  the  Denver  Basin.  Dan  and  Pierce  (1936) 
examined  the  Dawson  and  Laramie  formations  in  a  large  portion  of  the  south¬ 
eastern  part  of  the  report  area.  McLaughlin  (1946),  McGovern  and  Jenkins 
(1966),  Erker  and  Romero  (1967),  and  Owens  (1971)  conducted  hydrogeologic 
examinations  in  the  southern  part  of  the  Denver  Basin.  Romero  (1965), 

Duke  and  Longeribaugh  (1966),  and  Owens  (1967,  1971)  cover  ground  water 
investigations  in  the  Kiowa  Creek,  Bijou  Creek  and  Lost  Creek  drainage 
basins.  Kuhn  (1968)  and  Bibby  (1969)  examined  the  relationship  between 
the  Laramie -Fox  Hills  aquifer  and  the  Bijou  Creek  alluvium  in  the  north¬ 
eastern  part  of  the  Denver  Basin.  General  information  on  the  basin’s  bed¬ 
rock  geology  have  been  presented  by  Bjorklund  and  Brown  (1957),  and  Smith, 
et  al  (1964),  and  Romero  and  Hampton  (1972). 


METHODS  OF  INVESTIGATION 

Work  on  the  Denver  Basin  report  began  in  late  fall  of  1970  with  the 
collection  and  interpretation  of  electric  logs  obtained  from  the  Colorado 
Oil  and  Gas  Conservation  Commission.  Intervening  stages  involved  the 
collection  of  all  types  of  data  and  literature  pertinent  to  the  completion 
of  «  report.  Because  the  outcrops  of  the  bedrock  formations  have  been 
previously  mapped  to  an  accuracy  acceptable  to  this  particular  study,  and 
due  to  the  existence  of  a  large  volume  of  miscellaneous  information,  in¬ 
cluding  water  quality  data,  field  work  was  held  to  a  minimum.  Major 
field  investigations  involved  the  collection  of  updated  water  level  data 
for  wells  tapping  the  Dawson,  Laramie,  and  Laramie -Fox  Hills  aquifers. 

It  is  hoped  that  a  much  larger  ground  water  level  monitoring  network  will 


(2)  ' 


be  operative  by  late  1976.  This  will  be  a  part  of  a  continuing  investi¬ 
gation  program  scheduled  far  the  Denver  Basin. 
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GEOGRAPHY 


TOPOGRAPHY  AMD  DRAINAGE 

The  Denver  Basin  study  area  is  defined  by  the  outcrop-subcrop  of  the 
Pierre-Fox  Kills  formation  contact  as  portrayed  on  Plate  1  and  Figure  1, 
and  which  lies  within  the  Colorado  Piedmont  Section  of  the  Great  Plains 
physiographic  province.  ■  It  is  somewhat  elliptical  in  shape  with  the  long 
asds  trending  roughly  north-south.  It  consists  of  three  relatively -dis¬ 
tinct  subdistricts:  (l)  a  wide  band  which  nearly  encircles  the  basin 
and  is  marked  by  relatively  wide  stream  valley  lowlands  separated  by 
gently  rolling  uplands,  (2)  a  relatively  isolated  area  in  the  south-central 
part  of  the  basin  which  is  marked  by  relatively  narrow  stream  valleys, 
separated  by  gently  rolling  to  steep  uplands  (the  latter  exhibits  a  wide¬ 
spread  growth  of  pine  trees  and  is  known  as  the  Black  Forest  region) ,  and 
(3)  on  the  western  side,  a  narrow  band  of  steep,  northwest  trending  hog¬ 
back  ridges,  that  dip  sharply  away  from  the  crystalline  rocks  of  the 
front  range.  The  hogback  ridges  mark  the  westernmost  extent  of  the  pro¬ 
ject  area.  Maximum  topographic  relief  within  the  study  area  is  about 
975  meters  (3200  feet);  the  altitude  above  mean  sea  level  ranges  from 
about  23U0  meters  (7696  feet)  on  Spruce  Hill  in  the  Black  Forest  region 
to  about  1370  meters  (4500  feet)  near  the  junction  of  U.  S.  Highway  34  and 
U.  S.  Highway  6  in  the  northeastern  portion  of  the  study  area. 
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The  study  area  is  drained  by  a  large  number  of  streams,  most  of 
whose  headwaters  are  in  the  Black  Forest  region.  The  South  Platte 
River  enters  the  study  area  about  20  kilometers  (12  miles)  southwest 
of  Denver,  flows  in  a  generally  northward  direction  to  Greeley  where 
it  swings  toward  the  east.  Plum  Creek,  and  several  streams  entering 
the  South  Platte  from  the  west,  including  Bear  Creek  and  Clear  Creek, 
begin  in  the  Front  Range.  Most  of  the  streams  which  drain  the  southern 
part  of  the  study  area  have  headwaters  either  in  the  Black  Forest  region 
or  in  the  Rampart  Range. 

Major  northward  or  eastward  flowing  streams  in  the  South  Platte 
drainage  are  Plum  Creek,  Bear  Creek,  Cherry  Creek,  Clear  Creek,  Box  Elder 
Creek,  Kiowa  Creek,  and  Bijou  Creek.  Major  streams  in  the  Arkansas  River 
drainage  are  Monument  Creek,  Jimmy  Camp  Creek,  Black  Squirrel  Creek, 

Horse  Creek,  and  Big  Sandy  Creek.  Only  a  very  few  of  the  streams  whase 
headwaters  are  in  the  Black  Forest  region  can  be  considered  perennial. 

Most  are  dry  except  during  periods  of  snowmelt  or  during  and  after  heavy 
thundershowers. .  Flow  under  such  conditions  is  often  short-lived,  because 
after  several  kilometers  of  travel  on  the  surface  runoff,  water  generally 
percolates  downward  through  the  sandy  stream  beds  and  becomes  ground  water. 

Most  of  the  streams  whose  headwaters  are  in  the  Black  Forest  region 
occupy  long,  narrow  drainage  basins  in  which  all  parts  of  the  drainage  are 
close  to  the  main  streams  and  sub-basins  are  quite  small.  In  such  areas, 
surface  runoff  reaches  the  main  stem  in  a  short  time  after  a  storm  and  ’ 
flooding  is  common. (Mundorff,  1964,  p.  49).  The  gradients  of  most  of  the 
streams  are  about  66  meters  per  kilometer  (350  feet  per  mile)  in  the  Black 
Forest  region  and  about  4  meters  per  kilometer  (20  feet  per  mile)  in  the 
lowland  areas. 


CLIMATE 

.  ^  area  investigated  is  typical  of  the  continental,  semi -arid  plains 
regions.  The  climate  is  relatively  uniform  from  place  to  place  with 
characteristic  features  of  low  relative  humidity,  abundant  sunshine,  gen¬ 
erally  light  rainfall,  moderate  to  high  wind  movement,  and  a  large  daily 
range  in  temperature  (U.  S.  Department  of  Commerce,  1968). 

Normal  annual  precipitation  for  the  basin  ranges  from  about  28  to  43 
centimeters  (11  to  about  17  inches),  the  high  value  occurring  in  the 
higher  elevations  of  the  Black  Forest  region.  About  70  percent  of  the 
precipitation  occurs  generally  as  thundershowers  between  May.  and  Septem- 
ber.  The  thundershowers  are  erratic,  unevenly  distributed  and  are  often 
accompanied  by  strong  winds  and  sometimes  by  destructive  hail.  The 
erratic  nature  and  uneven  distribution  of  precipitation  results  in  some 
local  areas  experiencing  extended  dry  periods.  In  general,  the  precipi¬ 
tation  is  sufficient  to  support  native  grasses,  hay  and  some  grains. 

Normal  monthly  temperatures  range  from  about  -5  to  0  C  (25  to  30  F) 
during  the  winter  months  to  30  to  40  C  (60  to  70  F)  during  mid-summer. 
Annual  precipitation  and  temperature  for  six  weather  stations  are  shown 
graphically  in  figure  2.  The  frost-free  growing  season  ranges  from  about 
120  days  in  the  Black  Forest  region  to  about  140  days  in  the  prairie 
lowlands. 
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NORMAL  PRECIPITATION  IN  INCHES _ 
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Figure  2.  Normal  monthly  precipitation  and  temperature  for  th 
period  1931-60  at  Byers,  Colorado  Springs,  Denver, 
Greeley  and  Limon  weather  stations,  and  the  period 
1962-70  at  the  Castle  Rock  station.  (Data  from  U. 
Weather  Bureau).  Multiply  inches  by  2.54  to  find 
centimeters. 


The  combination  of  the  project  area's  distance  from 
nf*  rrw^TR+i ire  (the  Pacific  Ocean  and  the  Gulf  of  Mexico),  the 

eTOporatim^is^rOT^abo^W7*cOTtto^ers^(5|l*inches)  along^the^foot- 
>ving  and  Black  Forest  region  to  about  162  centimete 
the  eastern  prairie  lowlands. 


AGRICULTURE  AND  INDUSTRY 

The  present  agricultural  economy  of  the  study 

S3TS  “^etsr'^.VJe^^ns^nd 

The  principal  industries  of  the  basin  are  agriculturslly  ^ig-ted^ 

ssr; rTt“«a“^  -**«-  ” 

also  some  local  deposits  of  coal,  oil  and  clay. 

At  nresent  most  of  the  water  used  for  irrigated  crops  is  obtained 

from  either  surface  vater  diversions  or  from  shallOT  grouna jSStioTis 

£ies.  There  are  a  tm  isolal «  Wat”  for 

accosplished  by  applying  voter  pumped  frm  betooch  format 

stock  is  generally  obtained  fro.  “th“s^2esvhS^rtata  types  of 
Water  from  bedrock  aquifers  is  preferr  found  within  the  lower 

livestock  cannot  tolerate  hasLwater  such  as  that  found  mthin^x  ^ 

reaches  of  seme  of  the  basin’s  larger  s^®a“,  Z.  d  j m  suxface  and  shallow 

*— «£“ iSS’VS  indSSre^“  S”uSy  agencies 
STJ  SjSJSiS  s^Ss^th  bedrock  vater  or  rely  totally  upon 

bedrock  water# 

stSSESSSS'" 


POFUIATION  AND  GROWTH 

**  Sac”^S  Sv^n^lSge^SuStSlertlrs 

^Met^llln  Denver,  Castle  Bock  and  Colorado  Springs. 

During  the  past  quarter  century  the  “^^has^ctffSd1^ 

sr ^ to 

fXSrSiSf^s^a  W  of  tte  population  increase  bae  and  is 


occurring  in  the  greater  Metropolitan  Denver  area,  and  between  Denver 
and  Colorado  Springs  along  the  so-called  urban  corridor.  The  average 
annual  growth  rate  (i960  through  1970)  for  Adams,  Arapahoe,  Denver, 
Douglas  and  Elbert  Counties  is  3*6  percent. 

As  population  growth  continues,  so  does  the  demand  for  treated 
water.  The  annual  increase  in  demand  for  treated  water  for  many  water 
supply  agencies  within  the  metropolitan  area  is  roughly  10  percent. 

v 

Figure  3  illustrates  population  growth  by  counties  lying  80 
percent  or  more  within  the  project  area  and  figure  4  illustrates  ' 
present  and  projected  demands  for  treated  water  from  typical  water 
supply  agencies.  Water  demand  and  supply  will  be  given  a  more  thorough 
treatment  in  later  sections  of  this  report. 


GEOLOGY 


REGIONAL  GEOLOGIC  SETTING 

The  Denver  Basin  is  a  structural  basin  which  owes  its  existence 
to  a  long  series  of  tectonic  adjustments  which  began  in  Precambrian 
time  and  has  continued  intermittently  to  the  present.  The  basin, 
which  extends  northward  into  Wyoming,  is  flanked  on  the  west  by  the 
Southern  Roclsy  Mountains  and  on  the  east  by  the  High  Plains.  The  west 
flank  of  the  basin  is  marked  by  the  steeply  upturned  sedimentary  rocks 
which  abut  against  the  crystalline  rock  complex  of  the  mountains  and 
dip  toward  the  east  to  the  synclinal  axis  of  the  basin.  The  sedimen¬ 
tary  rocks  form  hogback  ridges  and  strike  valleys  along  most  of  the 
western  flank  of  the  basin,  but  toward  the  south,  abrupt  displacement 
by  the  Rampart  Range  fault  has  prevented  hogback  formaticn  except  in 
the  Perry  Park  and  Colorado  Springs  areas.  The  northern,  eastern, 
and  southeastern  parts  of  the  basin  are  topographically  flat  to  gently 
rolling.  Plates  1  and  2  are  generalized  bedrock  and  surficial  geolo¬ 
gic  maps  of  the  basin  and  table  1A  is  a  generalized  composite  section 
of  the  stratigraphic  units  of  the  Denver  Basin.  Table  IB  is  a  more 
detailed  section  which  briefly  describes  the  unit's  physical  character 
and  water-bearing  properties. 


SUMMARY  OF  GEOLOGIC  AND  PHYSIOGRAPHIC  KESTCKY 

The  following  summary  of  the  geologic  and  physiographic  history 
of  the  Denver  Basin  project  area  is  taken  largely  from  McCoy  (1953), 
Van  Tuyl  (1955)  and  Smith,  et  al  (1964),  and  in  part  from  field 
observations  made  previous  to  and  during  this  investigation. 

Pre-Pennsylvanian  sedimentary  rocks  in  the  Denver  Basin  project 
area  are  not  found  north  of  Township  10  South.  Along  the  foothills  in 
the  southernmost  part  of  Township  10  South  intermittently  extending  to 
and  beyond  Colorado  Springs  are  found  deposits  of  Cambrian,.  Ordovician, 
and  Mississippian  age.  The  rocks  are  composed  primarily  of  shallow 
marine  quartzitic  sandstones,  massive  limestones,  dolomites,  and  a  few 
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stringers  of  mudstone.  The  materials  were  deposited  in  a  narrow  east- 
west  trending  trough  between  the  structurally  positive  elements  called 
Siouxia  (to  the  north)  and  Sierra  Grande  (to  the  south)  (McCcy ,  1953;  • 

The  base  of  the  series  is  the  Sawatch  Sandstone  of  Cambrian  age  and  the 
top  is  the  Madison  limestone  of  Mississippian  age. 

The  beginning  of  the  Denver  Basin  is  thought  to  have  occurred  during 
Pennsylvanian  time  when  the  primeval  makings  of  the  north-s  outh  trending 
structural  axis  of  the  basin  occurred.  Uplift  toward  the  west  (North  ^ 

Park  and  Uhconrpahgre  positive  regions  -  often  termed  Ancestral  Rockies) 
was  accompanied  by  removal  of  existing  pre -Pennsylvanian  roc^? 

Larkspur  and  resulted  in  the  accumulation  of  300-600  meters  (1000-2000 
feetfof  coarse  aikosic  sand,  gravel,  and  silt  of  the  Fountain  Formation. 

The  period  of  aggradation  was  followed  by  a  period  of  almost  continuous 
deposition  in  thf  Denver  Basin.  That  seas  encroached  and  regressed  is 
apparent  in  the  nearshore  dune  environment  of  the  Lyons  Sandstone  (Per¬ 
mian),  shallow  sea,  landlocked  basin  and  floodplain  deposits  of  the. 

Lykins  Formation  (Permo-Triassic),  and  subareal  deposits  of  late  Tnassic 

age. 

No  record  of  the  early  Jurassic  is  present  in  the  Denver  Basin  area. 

Late  Jurassic  and  early  Cretaceous  is  marked  by  a  period  of  continental 
conditions  during  which  the  Ralston  Creek  and  Morrison  Formations  and 
Lytle  Formation  of  the  Dakota  Group  were  deposited.  The  Ralston  Creek  an 
Morrison  Formations  are  of  fresh  water,  lake,  swamp,  and  fluvial  origin, 
and  the  Lytle  is  a  floodplain  deposit.  From  early  Cretaceous  to  Fox  Hills 
time  in  late  Cretaceous  the  Denver  Basin  experienced  downwarping,encroa  - 
ment  of  the  sea  and  deposition  of  about  2100  meters  (about  7,000  feet)  of 
marine  sandstone,  siltstone,  shale,  and  limestone.  The  sequence  is  repre¬ 
sented  by  the  South  Platte  Formation  of  the  Dakota  Group,  the  Benton  Group, 
the  Niobrara  Formation,  and  the  Pierre  Formation.  Withdrawal  of  the  sea  in 
late  Cretaceous  time  was  marked  by  deposition  of  the  sandy-shale  transition 
zone  of  the  upper  Pierre  and  the  sandstones  of  the  Fox  Hills  and  lower 
Laramie  Formations.  Continuous  regression  of  the  sea  and  nse  of  the  La 
mide  Rockies  resulted  in  deposition  of  fresh  water  sandstone,  claystone, 
shale,  coal,  and,  during  a  geologically  brief  increase  in  the  rate  of 
mountain  building,  the  deposition  of  300  to  450  meters  (about  1000-1500 
feet)  of  coarse  sandstone  and  conglomerate  of  the  Cretaceous  part  of  the 
Dawson  Group.  Mountain  building  slowed  considerably  by 
time  when  the  finer -grained  sediments  of  the  Paleocene  part  of  the  Dawson 

Group  vere  deposited* 

During  middle  Tertiary  time  the  region  encompassed  by  the  project 
area  was  subjected  to  successive  rejuvenations,  erosion  intervals,  and 
climatic  changes  which  resulted  in  the  deposition  of  the  Castle  Rock  Con- 
SSSte  (O^gocene).  later,  during  Miocene  and  Pliocene  times,  exten¬ 
sive  blanket  -like  beds  of  clay,  silt,  sand  and  gravel  were  deposited  as  a 
vast  pediment  over  most  of  the  region  extending  from  the  mountain  *ron! 
the  Great  Plains.  It  has  been  suggested  by  many  investigators  (e.f.,  Pearl, 
1971)  that  the  South  Platte  and  Arkansas  Rivers  were  occupying  their  present 
courses  at  the  close  of  Pliocene  time. 

Regional  uplift  in  late  Tertiary  time  initiated  the  development  of 
present-major  physiographic  features  by  the  development  of  numerous 
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tributaries  to  the  South  Platt*.  *  , 

wwked  headward  and  by  earij  ?ivers*  ^  tributaries 

had  removed  the  middle  and  **1  &*****»  and  Holocene) 

termined  .mount  of  olderst“ta  se4?”'ent  4s®°slts  «4  an  unde- 

(Ten  Tuyl,  1955).  strato  frc“  1*0  west  flank  of  the  Denver  Basin 

Hewer  Basing alternating  episodes1.*7  P.e?iment  deposits  from  most  of  the 

related  to  climatic  changes  hare  resLSS  “d  Hediaentation 

destruction  of  eravel  +  resuited  in  the  development  and  ■partial 

tial  erosionlf^^S^ST?  ^  ‘afar*at  *»«-.  wS££- 
foimation  of  bogbSTLlges^lt  resulted  in  the 

of  erosion  remnants  such  as  Worth  e  ^S|  and  increased  the  relief 
and  many  Castle  Rock "”***»  Green  “^tain, 
County  and  southwestern  Elbert  County!!  UtteS  in  SOutheastern  Douglas 

geologic  FORMATIONS 

meters  (about ^^OOO^eet)  ^f  coMoVdT1??10  aBProxi“ately  4570 

rocks  ranging  in  age  from  Cambrian  to  Recent°  s5ni®ons^idated  sedimentary 
tain  Formation  (Pennsylvanian-Pemnian)^?^  Rkf  older  than  the  F°un- 

younger  than  the  Castle  Rock  Cor^i  "  discussed  only  briefly.  Rocks 

influence  on  natural  recharge  and  d-ScV^  &rf  discussed  because  of  their 
(tables  1A  and  IB).  S*  &nd  ^stbaxee  to  the  bedrock  fonnations 


Precambrian  Basement  Rocks 

Precambrian  crystallin^rocks  of^h^F^  t&Sin  ***  iq)turned  against  the 
Cambrian  rock  ccnrolex  has  vet  to  hi  Fr°nt  and  Ranpart  Ranges.  The  Pre- 
and  metamorphic °rocks  Trl  present^  d?Ci*hered‘  Both  i^Ss 

stocklike  granitic  rocks,  pegmatit^div Dnsist  Pri®arily  of  batholithic  and 
ment  of  gneisses  and  schistsT^ey  ^  large  assort- 

the  western  boundary  of  the  study  Lea  aS^t  10  they  form 
fractured  since  Precambrian  st^SSs^?'”^ 

separates  the  PrecahbriL  rocksLromthe  *”*{  ?  Pror*°™ced  nonconformity 
Pennsylvanian  age.  Southward  alone  +n  oFerlyang  Fountain  Formation  of 
South,  a  series  of  earS  MeoSfon  S1"1®*  Saaee  trom  Township  10 
hrian  rooks  and  the  °<:Cur  ’>etUee”  the 

* 

Early  Paleozoic  Rocks 

tion  of  the  soutSsttJr^rt  tf^te^ei^rlLsin*  T^tiy^  smaH  sec- 
age  from  Cambrian  to  Mississronian  0  Basin.  The  rocks  range  in 
Sandstone  (c),  Menitou  Bolomi®^)  ^  the  Samtch 

Madison  limestone  (M).  These  rocks llmestone  (M).  and 
extending  along  the  Ba^art  Bahge  faultL^hS  Jo  Sd^d  SSST 
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roent^erten^LSh^^a^Sr^the^k0^68  J***  many  °f  the  sedi_ 

2K  «5P^;  -- 


Pennsylvanian,  Permian,  and  Triassic  Rocks 

the  Gl^^fgrSSr^5  '  ?evel0Pea  on^  in  the  Colorado  Springs  area 
of  MiSsSpian^ «“ 
meters  (about  100  feet)  S  Srt  *  i ?  /  ^tl0n. consists  of  about  30 
sandstones,  in  the  ColorArin  a-  •  re<*  s^a*^es  thin  interbedded 

fied  with,  and  conformably  overlain^v1^^^  form^tion  is  interstrati- 
tain  Formation.  ^  overlain  ^  arkosic  sandstone  of  the  Foun- 

«•  *— *■» 

overlying  the  Glen  Eyrie  Format!^ BaSin  and  conformably 
continental  deposits  of  the  Fount at  V^6  Colorado  Springs  area  are  the 
tuents  of  the  formation  trl  JSTSJv^1®-  1116  d0minant  co^ti- 
sorted  micaceous  and  arkosic  san^ct  *  &n  fra^"’  cross -bedded,  poorly 
Attributed  thrcSJ^Tthe  ^  2?,  **•»•  UbS«^ 

and  locally  thin  beds  of  fresh  water  n*  macaceous  shales  and  mudstones, 
from  sat  to  cobbles  ^VSf^S^TfS**  EartlCle  5*“  — 

The  predominantly  red  color  of  +h*>  +■  ^at>ou^  51x  inches)  in  diameter, 

hematite  films  on  !Sd  £Snf  iE  *»  to  iron  oxide  cement 

argillaceous  material  (Kott,  loss  _???  red  interstitial 

cement  are  presort,  J  do  not^’t^tS^on 

the  £t  SIS  f SSS  LS  ekT“Sed  -  In  «•  cf 

basement  rocks.  The  sandstone  ofVhich  it if^r*6*1??*  the  Precambrian 
most  places,  poorly  cemented  with  iron  «  -a  P^1Jna:rily  composed  is  in 
and  forms  numerous  strike  vallevs  h  -k!  df  and  carbonaceous  material 
“d  overlying  formatS!  ^^re«SS  S0?***  Vith  “““flying 
result  of  a  higher  content  of  siliL  r!f  ^  516  Probably  the 

of  individual  beds  is  the  primary  cause  ^the^6  djffer®nce  “  hardness 
erode  into  picturesque  shapes  such  s*  the  thf  ^°untain  to  weather  and 
in  Colorado  Springs  It  vSrZ  £2  l  tJ0se  at  the  Garde“  of  the  Gods 
Morrison  and  the  Flitirons  nea^B^ldef  ^Sf^omtain^  ^  Dear 
along  portions  of  the  southwestern  tar+'nf  tv  Founbain  is  not  exposed 
been  sharply  downfaulted  along  the  Rampart  Ra^^aSt.^  Where  has 

(»boiri^°?S?)n„S^XrSe^  »  “,lctaess  from  about  Sko  metere 
the  Colorad^i^™^  StiS°i^b- \ (abOUt  4>1'00  ^fin 
Part  of  the  prjjert  area  is  Sbl^e  resnltTtb-  *?  ”°rthern 
more  strike  faults  which  occur  alonJ  +h!  ^  th  nning  ^  OQe  or 

«aips  eastward  at  slopes  ranging  frm  35  to°8?  dl^eesf  *  formation 

etrat^apSTreSu^Mpe^^hfl^f  ^  i£  b“94  “ 

Of  the  project  area  and  with  the  Glen  tws*1*6  Fofmtlon  to  the  north 

Springs  area.  The  F^mtSn^  is  IcoSoSSw ?0ra&?™  «»  Colorado' 

^  18  “conformably  overlain  by  the  Iyons 
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Sandstone* 


Fountadn^oraatior^and  form^a^ont^8*0”'  M  Temi*n  *ee  overlies  the 
eastward  at  sloJS  £L£?1S. =^oous  resistant  hogback  that  dips 

z  (?r^edtersh-^^  ^“hfSf 
JursS  S  *- 

Iron  oxide  and  calcareous  '  freami!1“t  cementing  materials  are 

the  lower  portion  of  the  fomSn™'.  ?Jn  0X146  cement  is  more  cannon  in 
«nd  dark  rXsTbr«Se  “*  r“1Staot  shs6ts  °f  -«■ 


100  f eet ^°ne  ran£es  thickness  from  about  30  meters  (about 
100  feet)  in  the  Golden  area  to  about  120  meters  (about  koo  fill)  if Si 

£  it  C°l0rad°  SpriDgS-  Variat^^  ^  thickness  are^likely  £  ** 

HorTison-UttleSrarS^  medfo™tte^iVe  f'Uati"8  SUCh  "  in  the  Golden- 

along  the  «  Kange'fault  intt^fS^  tT^Stea. 

overlyiig  Lykins  Fo^tST  n®  ”  conformable  contact  with  the 

[SSi’srr.sss  ~ 

SSSSSC  •Sft  • 

smmkASS  =H5 SH1“ ' 

aS^SSHESS’SwSpm 

thickness  of  the  lykins  is  about  133  meters  (453  feet)  3  4  }’  Avsrase 

SSSSScS: 

^sssssia 


(14) 


Jurassic  Rocks 


of  vaMcolrar F?rmatj'0-  "  1116  Ralston  Creek  Formation  is  composed 
jL3S°S?!t  f**??*’  calcareous  sh^>  gypiferous  deposits  art 
of  th?fo^+?«?  0f  fin®"grained’  n6ht  yellow  sandstone.  Thickness 
Colnradn  e  •  °  ranSes  from  about  0.6  meters  (about  two  feet)  in  the 

ri .  prings  area  to  about  33  meters  (about  110  feet)  in  the 
0  6  met^  ^Colorado  Springs  the  formation  consists  of  about 
JvT  “  ters  of  grayish-brown,  fresh-water  limestone.  The  formation 
thickens  northward  and  becomes  silty  and  locally  gypsiferous  Near 
formation  is  about  15  meters  (about  50  feet)  thick  and 

SSSltr'tST-f  /*“-*"*,  rid«e-^  M-Si 

eparated  by  thin-bedded  sandstone  and  shale  in  the  lower  part  and 

foSt-inn1^r?oUS  the  upper  P*1**-  Northwest  of  Golden,  the 

*°  ftefS  (&b0Ut  100  feet)  thi<*  ^  composed  primarily 
stoIfttS  clays  tone,  calcareous  siltstone  and  thin-bedded  lime- 
,  the  claystone  is  orange,  red,  green,  and  gray,  and  the  lime¬ 
stone  is  commonly  light  gray  and  locally  tinged  with  red  or  orange. 

Palst°n.  Creek  Formation  is  generally  covered  by  surficial 

tS  SikHJh  1\W!lter  gaps  and  road  cuts.  It  occupies  part  of' 
e  strike  valley  between  the  Lyons  and  Dakota  hogbacks.  Locally  it 

^  .g°£ris°n  Formation  -  The  Morrison  Formation  of  Late  Jurassic 

S^SKh  meters°°about  200 

at  Kassler  ifaSTSS  S'S^St'S  Sf 

Morrison  is  marked  by  a  relatively  consistent  bed  £  liStSav  £ 
brown,  cross -bedded  sandstone.  g  gray  t0 

near  the^opTf ^h^f ormt i^n!068 *  ^  sandstones  become  more  numerous* 

fom,«?LM+riSOn  ?°Tmtion  cr0Ps  out  on  the  west  slope  of  the  hogback 
--  ®  overlying  Dakota  Group.  Most  exposures  are  hidden  bv 

+^Via^  debris  and  vegetation.  Dips  generally  range  frcm  30°  to  6(P 
northeasterly;  loeally  the  beds  stand  vertieallj  or  «a  Wwl  dS 

the  Golto  fa,it-  ^  fomation^  been 
nned  locally  by  the  Golden  and  Rampart  Range  faults. 

-  Continental  deposition  within  streams,  lakes,  and  swamps  is  resuon 
*1"  Jh%mt of  the  Morrison  Foimtion.  It  has  bee£  age  datS 
P  imarily  by  fossil  evidence.  The  Morrison  is  unconformably  overlain  by 


the  Urtle  Formation  of  the  Dakota  Oroqp 


I-wer  Cretaceous  Bocks 

Formation  an^Bento^Group  th^cL^6  f*?8  ^iz>e  between  the  Morrison 
Ranges  have  been  referred^  £o^5°?6  \he  Front  “*  R*»pS 
C^orado  Springs  area  (and  °f  In the 

Eurgatoire  Formation  (lower  nan+i  l  i?e  rocIcs  are  referred  to  as  the 

S  ta,e,n°rthern  «*<“  the  ?oSi  are  SandfJone  ("PP^r  Part). 

In  this  report  the  term  Dakota  Gr™,r,e*referI  d  b  as  the  Dakota  Group 

bhat  term  in  the  project  areTand'S1'1'65  because  of  Predominant 
Dakota"  implies  reference  to  a  nJJw  .bfcause  1156  of  the  word 
the  stratigraphic  column.  ^  unmistakable  series  of  beds  in 

Early  CretaceouTin  age^the^ie^o^aV  the  Lytle  Formation. 

meters  (30  to  100  feet)  of  vaiic  •  ormation  is  composed  of  9  to  30 

•£^2i3S35&?T?a?’ 

la  characterized  by  lenticularity  of  lb  °1°r'd  claystone.  It 

S  al?  ™lts’  and  content  of  qLrtz wbbX? *!S“i  dlsco"tl"“ous  extent 

*oateof1bee  eStoLtf^S  ^ 

riir6  ^  -*>  Hatte  Po^tLTflT^L'pCoS^eT 

Pon^StaZd^SSa^^f^P  lE  "*•»•*  to  aa  the  South  Hatte 
thickness  (Waage,  1959  v  j1Q\  * meters  (about  200  to  350  feet)  in  ^ 

jkwS 

efractory  and  have  been  utilised  in  the  ceSsTSu^.^ 

limon- 

conspicuous  as  a  continuous  hogbSk  io™i\,  Cement*  The  group  is  most 
DrkotX^  e^^°CE^^0^ErcathcngroupfflhaE0l^oS^°rEE£^Er^^y  fhese^ values1' 

CtaS^ef f*0  «*"*  ^  ^  tS^Se^S'dS^ 

prhz^S^ ^c^ah^/diltaife^SoSLt6110^  °f  the  D^ota  ^PP  to  a 
the  group  is  based  upon  paleontological  ’ • n^be  ^rly  Cretaceous  age  of 
^ota  Oro,  ia  in  tLz«K  Kr^’SSLS^  ^ 

Upper  Cretaceous  Bocks 

Benton  Formation  -  The  Benton  ' 

Benton  Formation  consists  of  a  series  of  thin- 
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bedded,  dark-gray  to  gray -black 

bentonite,  soft,  platy,  shaley  iimesw  "S"?  shales’  ^bedded  with 

0  ^“  “  thickness  from  90  meters  ( about \nr>C*L  x?dS  °f  calcarenite. 
&  *T  t0  152  meters  (about  So  feetf p  ^in  the  Colorad° 

^  ^  ^  “ts"  J&  l^vithln 

3  m&>  i"  road  cuts 

between  the  Dakota  hogback  and  +Xe  v  Bfn*on  tends  to  form  a  subdued  valley 
Niobrara  Formation.  Ihe  formation  J?*  ?yS  LimestPn®  of  the  overlying 
easterly .  it  has  ieef LcX  c°t  &r°£  k°  to  70°  ^ 

tently  by  the  Rampant  Range  fault  its  *  ^  G?lden  fault  3X15  intermit- 
tological  evidence.  The  lenton  is  ^ based  Primarily  on  paleon- 

Pormation.  s  formally  overlain  by  the  Niobrara 

f  ™^SesSrcAiIana“ha]S%tolfS0n  U  cmposei  Primarily 

formation  ranges  from  mat*  t  Z  1*  9  Thickness  of  the 

2M=iSSSS3?i  sarsr  ai to 

(tabIerl)fayS  llmestone»  «*  ^per  is  temed^hetmo^Hi^Saie 
from  30°  ”°?Sr  n0Itheast  «t  values  ranging 

evidence.  It  is  «££J*£2«  ' 

ner__  ^erre  formation  -  The  Pierrp  • 

1^?°  to  <0.^0  meters  (about  5  000  to  7  nrvw?1  ??nsists  essentially  0f 
olive-gray,  clayey,  iarSe  fhSe  <r£  X  f6et)  5  ffiedium  to  St  and 
calcareous,  locally  fossilifenrntc  „The  S!?!J'e  contains  zones  of  hard 
and  several  thin  ones  occu/in  the' Two  thick  silt  stone ’beds 
EP.  99-104)  identified^  Horn>  M57).  Scot?  (1963 

Formation  (table  1).  d°r  gr01?,s  of  strata  within  the  Pierre  ’ 

^ere  local  stmetnral^nSSL  SSaTSfoS?*1  3°° TC^Seept 

xx  to  stand  vertically  or  exhibit  or  at  least  parts 

he  Pierre  have  been  thinned  by  the  Golden  -ro^rx®’  Surface  exposures  of 
thinned  by  the  Rampart  Range  fault.  ld  and  intermittently 

«  Se  the  c^ihpeaSeoTth°Tti0n  ^  &b°Ut  ^ 

,ut  th®  entirety  of  the  study  area  the^l  ?  “T  Basin-  Tbrough- 
n  road  and  stream  cuts.  The  age  of  the  pT^6  p5°rly  exposed  except 
al  evidence,  it  ia  in  trSaig^2  c^^^^  “  ^°«*oSgi. 
ormation.  x  contact  with  the  overlying  Fox  w-iiiP 
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ground  water  oriented,  it  in  no  way  intends  to  solve  stratigraphic  problems, 
instead,  there  is  more  or  less  agreement  with  statements  by  lovering  and 
srs  (1932,  ppe  702-703)  which  involve  a  sand-shale  sequence  which  repre- 
sen  s  a  final  phase  in  the  transition  from  marine  to  continental  deposition. 


The  Fox  Hills  Formation  consists  of  a  sequence  of  sandy  shales  inter- 
bedded  with  thin  sandstone  layers  near  its  base  and  thick  layers  near  the 
top.  Thickness  of  the  sequence  ranges  from  a  feather  edge  in  the  outcrop 
areas  to  about  6l  meters  (about  200  feet).  The  lower  part  of  the  Fox  w lis 
consists  of  an  average  of  about  45  meters  (about  150  feet)  of  relatively 
soft,  yellowish-brown  to  olive-brown,  sandy  shale  interbedded  with  thin 
layers  of  limey  sandstone  which  are  locally  fossiliferous  and  concretionary. 
The  upper  part  of  the  formation  consists  of  an  average  of  15  meters  (about 
50  feet)  of  medium-bedded  to  massive,  soft  to  medium  hard,  olive-brown  to 
tan  sandstone  interbedded  with  very  thin  layers  of  silty  shale.  This  sand¬ 
stone  is  often  referred  to  as  the  Milliken  Sandstone  Member  of  the  Fox  Hills  • 
Formation.  Lenticular  ferrugenous  concretions  are  common.  Kuhn  (1968,  p.  7) 
observed  silty  shale  layers  .several  meters  thicfc  in  the  northeastern  part  of 
the  project  area.  Faunal  and  floral  fossils  are  common  throughout  the 
series.  Emmons  and  others  (1896,  p.  71)  state  that  the  upper  sandstone  is 
noteworthy  because  of  its  position  as  a  cap  to  the  great  thickness  of  Cre¬ 
taceous  clays  and  shales  below  it,  its  wide  areal  extent,  abundant  fossil 
remain,  and  its  marked  lithologic  difference  from  the  overlying  basal  sand¬ 
stones  of  the  Laramie  Formation. 

In  the  northern  part  of  the  project  area,  the  Milliken  Sandstone  is 
locally  separated  from  the  basal  Laramie  sandstone  by  6  to  30  meters 
(about  20  to  100  feet)  of  generally  dark-gray,  sandy,  foraminiferal,  locally 
lignitic  shale  (LeRpy,  1946,  pp.  87-88).  * 

The  average  dip  of  the  Fox  Hills  Formation  in  the  western  part  of  the 
project  area  is  about  70°  toward  the  northeast.  Locally,  dips  are  near 
vertical  to  overturned.  Throughout  most  of  the  eastern  portion  of  the 
area,  the  formation  dips  6  meters  per  kilometer  (approximately  30  feet  per 
mile)  toward  the  deepest  part  of  the  Denver  Basin.  The  formation  is  gen¬ 
erally  poorly  exposed  except  in  highway  and  railway  cuts  and  along  the 
banks  of  certain  streams.  Typical  exposures  of  the  Fox  Hills  Formation 
and  the  basal  sandstone  of  the  Laramie  formation  include:  a  Denver  and 
Rio  Grande  Railroad  cut  in  SWj,  Sec.  21,  T2S,  R7CW  (somewhat  north  of  the 
project  area);  a  road  cut  along  Alameda  Parkway  in  SEr  of  Sec.  23,  T4s 
R7CW;  in  the  Wj,  Sec.  21,  Tl4S,  R64W;  along  the  east  bank  of  Black 
Squirrel  Creek  in  Sec.  18,  T15S,  R62W;  in  the  vicinity  of  Cedar  Point  in 
Sec.  12,  T8S,  R58W;  in  the  vicinity  of  Poison  Springs,  Adams  County  in 
Secs.  17  and  18,  T8S,  R58W;  and  on  Wildcat  Road  in  Sec.  27,  T4N,  R67W. 

The  Fox  Hills  Formation  is  dated  on  the  basis  of  both  paleontologic 
and  lithologic  evidence.  It  is  unconformably  overlain  by  the  basal 
sandstone  facies  of  the  Laramie  Formation. 

Laramie  Formation  -  The  Laramie  Formation,  of  late  Cretaceous  age, 
includes  those  strata  occupying  the  interval  between  the  Fox  Hills  Formation 
and  the  basal  sandstones  of  the  Dawson  Group.  The  Laramie  consists  of  a 
thick  series  of  predominantly  olive-gray  and  pale  yellowish-brown,  clayey 
shale,  interbedded  with  frequently  iron  stained,  light-gray,  tan  and  dark- 
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shales,fcU5^toMdlma^Snvit,utrtzos®  Eanastc®e,  carbonaceous 
The  coal  seS  ?Lr?n  t0  lie"Itic  coal  *««. 

about  3  neters  (ab^t^  f^2a  “““““w  to 

graphic  horizons.  The  sandJrm  *  re  present  in  several  strati- 
amount  of  argillaceous  matfif  Sd^ea^th13?  contain  a  small 

irregularly  shaped  genSa£J%™  I  the  base  and  toP  c°ntain 
Minute  particles  of  l  “  oxlde  evented  concretions. 

appearance.  The  sandstonerorthrfoS^tion^1101163  *  "Salt  &nd  pepPer"- 
moderately  compacted  and  p6»fln+  j  formation  are  generally  loosely  to 

locally  the  SnUng  ^terTS  if  carbonate  or  ■***; 

a,: rjsst  jtsv. awsr,  r- 

< 

consist  of  two  parts^a^lower  ‘'°“fldered  ^  most  investigators  to 
stone  and  an  utW  nlrt  com*ose&  Predominantly  of  sand- 

19^,  p.  23),T5Eaf?  S^S* 1  S**J^  of  shale  (Smith  and  others, 

feet)  of  the  Laramie  consists  of  ?MrtT  l°+t°  80  meters  (l0°  to  260 
yellowish-orange  and  tan  auart7o?0  !  f+°f  thin-bedded,  white  to 
of  lignitic  shale  and  coal  and  two  lnterbedded  wibh  seams 

ish-brown  to  tan  and  light -grav  mfdf,™  ^  £roininent  beds  of  yellow- 
The  two  sandstone  beds  fomthl  quartzose  sandstones, 

upward  are  tenned  the  A  and  b  L^  tha  Sarnie  and  from  the  base 
about  2  to  6  meters  (about  5  to  20  feet^nf^v,1?*6^61^6  thickness  of 
the  two  sandstones.  The  A  and  B  ef>Tu*wm  f  shaie  commonly  separates 
to  30  meters  (about  ko  to  100  fW  range  in  thickness  from  12 

about  60  percent.  kX  (1968  B  ’i*®*"1*  thicker  than  A  by 

Jj  as  much  as  two  meters  (^bout^i^  feSw  the  B  sand  is  caPPed 
The  cap  is  said  to  -be  locally  resSnfible  ?L  £  carcareous  sandstone, 
tion  on  electrical  resistivity  logs  (plf  3)  th  V6ry  prominent  deflec- 

(about  30  to  6onffft)eabfve1BS(ESSnfePOflt2ut0  e3dst  10  to  18  “eters 
small  size,  2  to  3  mitfrs  (abou^f  EV^ !i  1906>  P‘  b^ 
with  respect  to  other  sandstones  in  thick>  8114  its  Position 

identification  per  se  difficult.  th  6  general  horizon  make 

meters  (a^fc^OOto^OO^eSTS^lSfh-1011  C?nsisbs  of  90  to  120 
yellowish-brown,  clayey  sbqtq  int^ybedd  "iP*  m.v°  olive_sray  and  pale 

shale,  workable  coal^seams^d  IStifSr  bS?  I11*?™’  ^tic 

grained  quartzose  sandstone.  IrresSSiJ  Sf  ?  ®edlum  to  fine- 
concretions  occur  in  the  utmpy  ennd^+^-i  sbapedJ  ir°n  oxide-cemented 
Iaruule  reveal  Sa“c2^SuSS!T  llyers-  Qectric  *<*•  Sth. 
fonoatiou  can  generallv  Uyers  near  the  middle  of  the 

OT  the  Tthe  ««*»1  portion 

fied  as  that  horizon  below  which  is  do  to  ion  of.tlle  ^rasiie  is  identic 

SsSS  ssrr, ssssrr^ ?r 

thloh  and  a  basal  oonglo^te  of  the  ov^S  ^a^cSati” 

I«~ie  outcropa  are  widely  distributed  throughout  the  nouutain 
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*^,<tte<Ss2r^sSef«^t2"^Irl'e  2ma*-  Mone  tie  mountain 

thihned  by  tJoS^S  ^i^S-  ■»  SI  bee, 

«ange  fault.  In  the  prairie  landfJS*  intermittently  by  the  Rampart 
covered  by  soil  except  along  the  st#o  ?f  foothills,  the  Laramie  is 
stream  systems  in  the  southern  and  P. Slded  baileys  and  banks  of  certain 
Particular  interest  °f  the  pr^ect  *4  £ 

B64W;  Sec.  18,  T15S,  R62W-  and  in  +v,0  ^  vicf‘mty  of  Section  32,  Tl4s 
West.  ’  tod  ln  the  Saneral  vicinity  of  T8s,  R58  and  59 


at  slopes^ g^erSS^i^fb Formation  dips  toward  the  east 
tion  is  vertical  to  overturned  S  2L *  l^tegrees.  Locally  the  forma- 
oward  the  deep  part  of  the  Denver  Suio^t^  *  *5e  Sarnie  dips 
meter  (about  50  to  100  feet  per  milf)?  *  0Ut  9  to  18  meteTS  Per  kilo- 

dence.  I^is^co^fS^  °?  paleontologiaal  evi- 

Davson  Group.  ^  overlain  the  basal  conglomerate  of  the 


Upper  Cretaceous  and  Lower  Tertiary  Rocks 


lyiaeTKTISsS  PcrJtilclL  ?T“  for  cf  the  strain  over- 
ytars.  This  report  is  SSS  “■*»""*  for  ma£ 

&£»•«).  Reichert  (1956  lo?^mth.E^n!  and  °t*ers  (1896^  . 

,(1?f  •  ?•  5)  ln  that  th«  strata  can  he  Sisf’„^^M  OnaBhy  and  “there 
logy  and  mapped  in  areas  of  outcrop.  dded  on  the  basis  of  litho- 

Arapahoe  Conglomerate ^Dmver^Fo^mti SPlfl  **  *?*  terms  ^Pahoe  Formation 

JSSJV ■£  Daw^n  >^tl«a  Formation,  DavsoA 

exhibit  the  sa*ne  general  the  units  more  ny  iflee 

^hoe,  Benver/SrS  acerS'Sl0^^  “d 

teitona,  the  use  of  the  term  "tos^fSL^0”’  “*  assiSned  to  specific 
entire  section.  °n  GrouP  ls  Proposed  to  encompass  the 

the  Arapahoe  FoSrtion^Len^r^oSti1'0^  eJbraces  ascending  order- 
ln  *he  field,  investigation  of  Dawson  Arkose-  Observations 

number  of  electric  logs  leadlo  Jhe^S^  f*  exanination  of  a^Sge 
only  warranted,  but  also  workable.  -  &t  SUCh  nomenclature  is  not 

ptierpS®^S^t'f“th®aSr^'Tti0t  °f  llte  Cl-rt««us  ««e, 

l~SE30atrlo500tt0  6?°  fe6t)  Uitddn  the  L°r  MrtstofEtheTly  150-180 

Atwer  30  to  60  meters  (100  to  200  -fwn  of  the  basin.  The 

tan  to  light-brown  and  locally  yellow  *Ll  formation  consists  of  HAt. 

conglomeratic  sandstone  intSedSd  with  ^1Sh-brown  conglomerate  and 

-  ~  Xahde.  t  .oS/S^lhe^S 
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r  S’**4  *>  the  *■*»»•  Formation 
of  the  lower  Arauahof^arr  .*  the  sandstone  and  conglomerate 

of  a  coarse  lentiS^L^  developed  and  assume  the  nature 

e  lenticular  sandstone  (Emmons  and  others,  1896,  p.  153). 

The  lower  Arapahoe  is  known  locally  as  the  basal 
Arapahoe  Conglomerate,  and  Arapahoe  SSs.  Surface leSSS  of  the 

S“^Leiis-relativel? rasy  -dToXXSs  5 

Er s ? tF; 

££"*?££  ST £2  SiSTS 

and  colors  are  generally  darker.  Reichert  hoeo  „  ^exuures  are  finer 

auffite  *  i ® 3'^stonef  >  “d  sandstones  contain  detrital ‘hornblende  and^ 
ug  in  increasing  amounts  toward  the  top  of  the  formation. 

by  o°f  ?!  ^ 06  15  mutated 

Mon  with  logs  of  su^oLXSSf*  8  S£alplt  loss>  “a  COTre^- 

at  Ufl  ^ 

°f  the  Pr°3e0t  “a SiXT  ^ 

5£  S  *  about^^to  11 

paleontologic  SSScr8  a!  toa^oAr?Pah0e  ^ormatia'  iE  ^sed  on 

sss1-*  «,s^*ssr.s  sss.»4  r:„-r™ 

andesitic  and  basaltic^t^s  Sd  ^X^es^Z-Sif  cS^- 

76  meters  (about  25o’f6et)^  LS^  Sf  ?f^er  formation  includes 
Table. Mountains.  £2£  5  sZK  £  XZl 

derivS^^XSiS'ojTSltr8^0”  considerable  debris 

sip  rss  r~S5S£ 

S  SaS: « «s  “5“ 


(21) 


because  of  its  overall  v 

Sr?»s 

WeUj!  le  Seated  In  the  bufSS^T  ’  Mggest<*  that  m  wati 

(about  4oo”2d  ftoo'feetWk’"  I'°5I“ltlo“  ranges  between  120-240  nete^ 
of  the  Hen ^vZLZ-'  thro>«4oot  most  of  the  basin  m.Tz  f*ers 

3  meters  ,er  kilometer  (about  10  tol5f“S  ZZZu).^  ^  BaSi” 
£<5Sl°fa^  25*2  ^dSaZP  depOSlted  *  aggrading 

r^'^&zzrs  s uta  «*■££. " 1  “*?w^f5r 

~  asKSiasss 

jj&ws  oxi  Arkos  e  •  t**  4*Vi* 

predomnantay  quartzose  sedim^Sv  debrif”?11  Arkose  includes  all  of  the 

abaJs^rr^S^  3£“. 

stratigrapbicalldr  egnivalent  to,  ^^^Cof^sl. 

The  Dawson  Arkose  is  «f  m. 

SS  lD^e  t*pper  5*“*  (Welsh, °l96g  ^ ®  strata  are  possibly 
-Lacking.  Thickness  of  the  Arknca  „„ °*  33)  but  fossil  evidence  is 

(about  800  and  1,000  feet)  in  the  dSf6S  betyeen  2ko  and  330  meters 
tional  subsurface  data  might  extend  S6*  parts  of  the  Denver  Basin  Addi 

colJ^^  18  marked  in  no^areas^rf*  &?£reciably*  The  "base”  S 
colored  quartzose  debris  overiv^  s.;^  a  Slpiiflcant  quantity  of  licrh* 

section  of  predominant  f  °  t0  240  ffieter  (*»  to  80S  feet) 

sediments  of  the  Denvefr^i’S?  »  *“*“  Colored>  <*d  caZSoi 

^•ay  to  yellLish-^ay^rorame ef.Cons1ists  «?  a  thick  sequence  of  light- 
glomerate,  sandstone,  and  clayev  shal  palf "^eddish  and  moderate-brown  con- 
shale  and  lenses  of  liSitic  i  ^lth  local  beds  of  pale-greS 

tssr 

»e  common  along  the  footSSa  north  ^  ^  eroslOT  "—at..  Theaf 

beds  “e  c~  - a  2Z  s=2  sas: 
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ystone.  Constituents  common  to  most  of  the  upper  part  of  tho  fn-ma 

-wh  •-tJSTLSSoS.llSSS;. 

granite  fragments  and  scoria.  Petrified  wood  and  bone  and  lkf  fr J 
"mtE  are  found  locally  In  the  tan,  part  of  the  fo^tSn.  8 

■  ?°*‘hern  P“t  °f  “9  Denver  Baain,  the  lo»er  Dawson  contains 

violet  clay,  «  X^dfS.^l^^utmSft’ Ihe^a 

TmZZZ*  the  £MaSt°”e  iS  P°ESlM*  *»  *> 

+,I",thiSJ??0rt’  the  Green  Moun^ain  Conglomerate,  outcropping  onlv 

Zt  ZV :re“  “r*81”  “est  0f  Denver’  lE  “^ned  to  thelaS* 
SS  w™!,  ET0n/SOSe  thebasis  of  a  marked  erosional  disconfor- 
y  between  it  and  the  underlying  Denver  Formation,  and  litholozie 
composition.  Although  the  basal  15  to  45  meters  (about  50-150  ?£?)  of 
the  conglomerate  contains  an  abundance  of  basaltic  and  andesitic  aJ^r-ic 
2“ ^  82 ‘o  113  meters  (270-370  feet)  Is  c^os^fpSSi^tS  S  * 

s^h2sl£S  I"*?-.  ^  bESal  ^alt-andesite  JEftSn. 

southeastward  where  it  grades  into  arkosic  sandstones  and  conglomerates. 

meterf  (about 02‘5t^P^Wn^Ark°SeviS  “arked  *  m  a^age  thickness  of  8 
meters  vaoout  25  feet)  of  dense,  brittle,  locally  porohvritic  n-snv 

brown  or  gray  rhyolite  (Kittlemen,  1956  p  50)  P 

might  be  more  correctly  classified  as  a’wSidedtuff  caS  isoSt2nSfct.s 

s£S,e  ?°°  e»»~  n.)  Si 

Creek^olite^SbST  ”  ““  T°loanlc  M  the  Douglas 

milesf^°c^enSeS  ^  ^  “-*«»  OBoo  square 

J  /  ux  tne  central  part  of  the  Denver  Basin.  It  is  ex-nos^  ■?« 

areas^here  tbC  steePer  f1*"115  01  pediments.  In 

^tSHoS.  ^  <“I’°Eed'  “  iE  generally  covered  hy  only 

The  regional  dip  of  the  Dawson  Arkose  is  1  to  3  meters  nor  win 

Hit,  ^+\t°  l5  fe6t  Per  **>  ^d  the  ea^  tZl  £  Skos'e 
S££&£5£  *“^rt  R“ge  *“*•  «*•  *  — *  degrees  £ 

”**.  c«y«n«ate  -  The  Castle  Bock  Conglomerate  is  a  hard 

„r,5f%f0minf  pi?*  to  brown  conglomeratic  arkose.  Measured  thicknesses 
range  from  a  feather  edge  to  nearly  90  meters  (300  feet). 

Kittlemen  (1956,  p.  54)  divided  the  Castle  Eock  Conglomerate  i«ir> 
two  parts.  In  summary,  the  lower  part  is  a  ten  to  bra^rdf veS 

Srt^.TuSS'S  ^.^“hedded,  hard,  arkosic  sandstone.  Ih7uffier 
part  is  a  light-tan  to  light -brown,  moderately-hard.  coarse  grained  ' 
osic  sandstone  ccntaining  thin  lenses  of  quartz  pebble  conglomerate. 

The  lower  conglomerate  is  unique  in  that  the  size  range  of  the 
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constituent  particles  is  extreme;  frcan  a  fraction  of  a  centimeter  to  about 
1  meter  (about  3  feet)  in  diameter.  It  also  contains  a  substantial  quan¬ 
tity  of  debris  from  the  Douglas  Creek  Rhyolite  Member  of  the  Dawson  Arkose, 

The  Castle  Rock  Conglomerate  caps  pine -tree -covered  buttes  and  mesas 
in  the  south-central  part  of  the  project  area.  The  outcrop  pattern  occurs 
in  a  lineation  roughly  paralleling  the  longitudinal  axis  of  the  Denver  Basir 
structural  trough.  The  Castle  Rock  is  the  youngest  of  the  bedrock  forma¬ 
tions  considered  in  this  report. 

Tertiary  Intrusive  and  Extrusive  Rocks  -  In  several  places  throughout 
the  Denver  Basin  project  area,  intrusive  and  extrusive  igneous  bodies  have 
invaded  or  capped  older  sedimentary  rocks.  North  of  Golden,  along  the 
Ralston  dike,  several  irregular  intrusive  bodies  of  mafic  monzonite  intrude 
a  faulted  block  of  the  Pierre  shale.  Capping  North  and  South  Table  Moun¬ 
tains  are  about  90  meters  (300  feet)  of  dark-colored,  latitic  lava  flows,  in 
part  interbedded  with  tuffaceous  sediments.  These  were  given  partial  treat¬ 
ment  in  the  Denver  Formation  narrative.  In  the  south-cental  portion  of  the 
project  area,  the  upper  part  of  the  Dawson  Arkose  is  marked  by  a  bed  of 
light-colored  rhyolite  approximately  8  meters  (about  25  feet)  thick. 


Quaternary  Rocks 

Quaternary  Surficial  Deposits  -  Although  the  purpose  of  this  report 
is  to  examine  the  hydrogeology  of  the  bedrock  aquifers  of  the  Denver  Basin, 
a  cursory  examination  of  the  surficial  deposits  of  the  area  is  necessary. 

At  least  90  percent  of  the  area  investigated  is  covered  by  a  thin  veneer  of 
unconsolidated,  predominantly  water  and  wind-deposited,  sedimentary  debris. 
This  material  is  important  not  only  because  of  its  vast  areal  extent,  but 
also  because  it  might  have  local  influence  on  rate  and  quality  of  natural 
recharge  of  ground  water  to  underlying  bedrock  formations.  Plate  2  shows 
the  areal  distribution  of  the  surficial  deposits  discussed  in  this  report. 
Outcrops  of  bedrock  geologic  units  have  been  partially  subdivided. 

Pediment  Gravel  -  Pediment  gravels  of  different  ages  have  been  recog¬ 
nized  at  scattered  outcrops  along  the  foothills  from  Jarre  Canyon  southward 
to  the  southern  part  of  the  U,  S.  Air  Force  Academy.  Areally,  the  deposits 
resemble  irregular  alluvial  fans  extending  outward  from  the  crystalline 
rocks  of  the  foothills.  The  deposits  occur  from  slightly  above  modern 
streambeds  to  heights  approaching  120  meters  (about  4 00  feet).  Particle 
size  of  the  gravels'  components  ranges  from  silt  to  boulders  6  meters 
(20  feet)  in  diameter  (Scott,  1967,  p.  20).  Rocks  belonging  to  the  Dawson 
Group  are  exposed  along  the  steeper  slopes  of  the  dissected  remnants  of 
the  pediments. 

Loess  -  The  loess  shown  on  plate  2  is  a  predominantly  yellowish-brown 
and  locally  olive-gray,  sandy  or  clayey,  locally  calcareous  silt.  It  has 
a  well  developed  columnar  structure  and  generally  weathers  as  vertical 
banks.  It  occurs  sporadically  in  the  southern  one-half  of  the  project 
area  within  some  of  the  large  stream  valleys  and  on  gentle  slopes.  In 
the  northern  one-half  of  the  project  area,  the  loess  and  the  brown  soil 
developed  upon  it  occupy  at  least  60  percent  of  the  land  surface. 
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recent  stream  systems  is  generally  coarser  and  lighter  in  color  than  the 
floodplain  deposits.  Particle  size  ranges  from  coarse  sand  through  gravel 
and  boulders .  The  terrace,  stream  channel  and  floodplain  deposits  are 
possibly  a  major  contributor  of  ground  water  recharge  to  bedrock  formations 
Recharge  obviously  occurs  along  the  contact  between  two  types  of  formations 
in  areas  where  bedrock  formations  will  accept  water. 


STRUCTURE 

Much  of  the  material  presented  in  this  section  is  taken  from  the 
Guide  to  the  Geology  of  Central  Colorado:  Colorado  School  of  Mines  Quar¬ 
terly,  Vol.  43,  No.  2,  and  from  Vames,  D.  J.,  and  Scott,  G.  R.  (1967), 
General  and  Engineering  geology  of  the  Air  Force  Academy  site,  Colorado: 

U.  S.  Geological  Survey  Prof.  Paper  551.  Figure  5  is  a  map  showing  the 
major  structural  features  of  the  Denver  Basin. 

The  Denver  Basin  is  a  structural  basin  whose  axis  plunges  northerly 
from  east-central  Pueblo  County  and  attains  a  maximum  depth  in  the  Denver 
area.  From  Denver  the  axis  swings  north eastward,  rises  to  a  saddle  in 
the  La  Salle-Greeley  area,  then  plunges  northward  into  a  trough  centered 
near  Cheyenne,  Wyoming.  The  Denver  Basin  is  bounded  on  the  west  in  Colo¬ 
rado  by  the  Rampart  and  Front  Ranges.  The  northern  and  eastern  struc¬ 
tural  boundaries  extend  beyond  the  state  line  into  Wyoming,  Nebraska,  and 
Kansas.  The  southern  boundary  is  formed  by  the  Apishapa  and  Las  Animas 
arches  in  southeastern  Colorado  (Moody,  1953 »  P*  1873 >  1874).  Sedimentary 
formations  from  the  Cambrian  through  the  Tertiary  are  upturned  along  the 
mountain  front  on  the  west  flank  of  the  basin  (figs.  6,  7).  At  many 
places  such  as  in  the  Golden-Morrison  area,  Jarre  Creek  and  Perry  Park, 
many  beds  are  vertical  or  overturned.  Hogback  ridges  and  strike  valleys 
that  resulted  from  such  folding  can  be  seen  at  Boulder,  Red  Rocks  Park, 
Roxborough  Park,  Perry  Park,  and  the  Garden  of  the  Gods  near  Colorado 
Springs.  The  upward  and  eastward  pressure  of  the  mountains  ruptured  the 
strata  from  Boulder  southward  beyond  Colorado  Springs  and  caused  a  series 
of  large  faults;  mainly  thrust  faults,  which  parallel  the  mountain  front. 
Southward  from  Golden  the  faults  are  named  the  Golden  fault,  Jarre  Creek 
fault  (possibly  a  continuation  of  the  Golden  fault)  and  the  Rampart 
Range  fault.  Additional  disruptions  of  strata  are  caused  by  numerous 
branch  faults  in  the  form  of  reverse  faults,  tear  faults,  and  sliver 
*  blocks.  The  faults  bring  Precambrian  rocks  into  contact  with  all  the 
formations  up  to  and  including  early  Tertiary  beds.  Locally,  the  faulting 
has  caused  sedimentary  beds  to  undergo  extensive  thinning,  dragging  and 
displacement.  Vertical  displacement  of  sedimentary  rocks  ranges  from  1524 
meters  (5, 000  feet)  in  the  Golden  area  to  about  3,048.  meters  (10,000  feet) 
in  the  Air  Force  Acadeny  area  north  of  Colorado  Springs  (Varnes,  D.  G.  and 
Scott,  G.  R.,  1967,  p.  10).  The  fault  planes  of  the  major  thrust  faults 
of  the  area  dip  toward  the  west  at  values  generally  ranging  from  about  45 
to  75  degrees. 

East  of  Boulder  and  in  the  north  Metropolitan  Denver  area  is  a  group 
of  northeast  trending  faults  which  extend  from  the  Precambrian  basement 
to  the  surface.  The  possibility  that  the  faults  extend  as  far  east  as  the 
Derby  area  has  been  demonstrated  by  earthquake  activity. 
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te+oJfl?  arf  rePorted  to  exist  along  the  foothills  belt 

(.Stewart,  W.  A.,  1955,  p.  29).  Examination  of  existing  information 
suggests  that  the  folding  does  not  extend  east  of  the  foothills  belt 
and  has  only  a  minimal  effect  on  the  overall  structure  of  the  basin. 

Folding  is  suggested  in  the  northeastern  part  of  the  project 

1Heg"}a?  fat“'e  of  the  contours  on  the  top  of  the  Laramie- 
ox  Hills  aquifer  (plate  4).  However,  the  sinuous  nature  of  the  contours 
is  probably  due  to  the  differences  in  elevations  of  the  ’’picks''  for  the 
9p  o  the  L-F  aqiifer.  In  sane  wells,  the  basal  Laramie  sands  were 
significantly  developed  above  the  B  sand  and  warranted  picks  above  the 
nwma  top.  The  probability  that  this  area  is  not  folded  is  in  part 
substantiated  by  a  structure  contour  map  of  the  base  of  the  lowermost 
potential  aquifer  sand  in  the  Fox  Hills  Formation  (plate  5). 


GROUND  HATER  IN  THE  BEDROCK  FORMATIONS 


OCCURRENCE  AND  CLASSIFICATION  OF  THE  AQUIFERS 

By  definition,  an  aquifer  is  a  geological  formation,  group  of  for¬ 
mations,  or  part  of  a  formation  containing  sufficient  saturated  permeable 
material  that  can  yield  a  sufficient  quantity  of  water  thay  may  be 
extracted  and  applied  to  beneficial  use. 

.  .  ?he  Denver  Basin  study  area,  several  of  the  previously  discussed 
fo™ftlons  meet  the  above  requirements.  In  ascending  order  from 
the  Precambrian  basement,  the  principal  aquifers  are  the  Fountain  and 
Lyons  Formations,  the  upper  and  lower  parts  of  the  Dakota  Group,  the 
Laramie-Fox  Hills  aquifer  (the  combined  thickness  of  the  Milliken  Sand¬ 
stone  Member  of  the  Fox  Hills  Formation  and  the  A  and  B  sandstones  of 
,,  e  *’aramie  Formation),  the  middle  part  of  the  Laramie  Formation  and 
the  Arapahoe,  Denver,  and  Dawson  Formations.  Surficial  geologic  forma¬ 
tions  and  the  crystalling  rocks  of  the  Front  and  Rampart  Ranges  are  not 
considered  m  this  report. 


The  pre -Pennsylvanian  sedimentary  rocks  described  in  the  geology 
section  of  this  report  are  not  considered  as  being  principal  aquifers 
even  though  one  or  more  of  the  units  might  contain  water.  The  outcrop 
area  of  the  formations  is  limited  to  a  very  narrow,  discontinuous  strip 
along  the  Rampart  Range  fault  between  Perry  Park  and  Colorado  Springs. 
At  Colorado  Springs,  the  outcrop  area  expands  and  swings  southwestward 
toward  the  Ute  Pass  fault;  an  area  which  is  considered  out  of  the  sphere 
of  interest  of  this  report.  Eastward  from  their  outcrops  a-irmp  the 
Rampart  Range  fault,  the  formations  are  too  deep  to  consider  them  as 
economic  sources  of  ground  water. 


Numerous  post-Pennsylvanian  formations  which  occur  within  the 
bounds  of  the  study  area  are  not  classed  as  principal  aquifers  even 
though  they  might  contain  water.  These  formations  are  predominantly 
limestone,  shale,  and  clay  and  are  generally  incapable  of  transmitting 
sufficient  quantities  of  water  to  wells.  Frequent  reference  can  be 
found  in  the  literature  concerning  the  limited  water-bearing  charac- 
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teristics  of  such  strata.  Perhaps  limited  quantities  of  water  can  be 
withdrawn  from  the  formations,  but  the  supplies  are  local,  probably  short 
lived,  and  generally  of  substandard  quality.  Strict  application  of  the 
definition  of  an  aquifer  is  sufficient  to  disqualify  most  of  the  strata 
in  question. 

The  Pennsylvanian  and  younger  rocks  which  are  classed  as  principal 
aquifers  are  assigned  varying  degrees  of  importance  depending  on  areal 
extent,  depths  to  the  water-bearing  horizons,  and  quality  and  quantity  of 
water  available  for  withdrawal. 

The  Fountain  Formation,  Iyons  Sandstone  and  Dakota  Group  are  known 
to  yield  generally  small  quantities  of  water  to  wells  drilled  in  or  near 
the  outcrop  area.  They  are  important  aquifers  only  within  and  near  their 
outcrops  along  the  westernmost  edge  of  the  project  area. 

The  massive  sandstone  of  the  Fox  Hills  Formation  and  the  basal  Sand¬ 
stones  of  the  Laramie  Formation  are  known  to  yield  small  to  moderate 
quantities  of  water  to  most  wells  in  an  areal  extent  of  about  12,950 
square  kilometers  (5, OCX)  square  miles).  The  sandstones,  which  are  collec¬ 
tively  referred  to  as  the  L-F  aquifer  are,  therefore,  classed  as  a  major 
aquifer.  Sandstones'  in  the  upper  part  of  the  Laramie  Formation  have  been 
locally  utilized  for  sources  of  water  to  small  capacity  water  wells 
throughout  most  of  the  Denver  Basin. 

The  basal  sand  unit  of  the  Arapahoe  Formation  has  proven  to  be  a 
reliable  source  of  water  for  all  purposes  throughout  the  Denver  Basin, 
hence  its  classification  as  a  major  aquifer.  The  Denver  Formation  should 
be  classed  as  a  major  aquifer  because  of  the  areal  extent  of  the  sand¬ 
stones  within  it  and  because  of  the  generally  good  quality  water  that  is 
obtained  from  it.  The  coarse  arkosic  sandstone  of  the  Dawson  Arkose  is 
a  reliable  source  of  water  for  all  purposes  throughout  most  of  its  areal 
extent  and  is  considered  a  major  aquifer.  Table  lb  is  a  condensed  summary 
of  the  hydrogeologic  characteristics  of  the  formations  discussed  in  this 
report. 


HYDROGEOLOGIC  PROPERTIES  OF  THE  PRINCIPAL  AQUIFERS 


Fountain  Formation  and  Iyons  Sandstone 

The  Fountain  Formation  and  Iyons  Sandstone  are  treated  as  a  unit 
because  they  have  similar  hydraulic  properties  and  are  in  juxtaposition 
from  a  regional  standpoint.  In  the  past,  the  Fountain  and  Iyons  aquifers 
were  frequently  developed  together  as  one  source  of  water.  Current 
practice  is  to  develop  each  aquifer  separately. 

Natural  and  artificial  recharge.  Natural  recharge  to  the  Fountain 
and  Lyons  aquifers  occurs  as  seepage  from  precipitation  and  as  seepage 
from  the  many  eastward  flowing  streams  which  breach  strike  valleys  and 
hogbacks  in  which  these  formations  are  exposed  or  lying  near  the  surface. 

Annual  precipitation  on  the  outcrop  area  of  the  Fountain  and  Lyons 
aquifers  averages  4l  centimeters  (about  l6  inches).  Normal  May  - 
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September  precipitation  is  46  centimeters  (about  18  inches).  Since  much 
ofthe  winter  (October  -  April)  precipitation  occurswhen  the^reas 
surficial  deposits  are' partially  frozen  and  are  subjected  to  high  wind 
movement  it  is  suggestS  that  the  "effective”  precipitation  occurs 
during  May  -  September.  Although  detailed  hydrogeologic  investigatio 
axe  required  in  order  to  determine  whether  recharge  occurs  and  its 
quantity,  estimates  have  been  made  by  assuming  the  annual .recharge  can 
b<Tappr  oxirat ed  by  the  annual  withdrawals  of  water  from  the  estimated 
25-35^611^ penetrating  the  aquifers.  Annual  recharge  from  Po¬ 
tation  in  the  northern  half  of  the  basin,  therefore,  rang 
zero  in  the  cemented  portions,  to  0*05  to  0,13  centime  (  •  * 

inch)  in  the  friable  zones  and  in  faulted  areas.  This  would  amount  to 
18,500  to  37,000  cubic  meters  (about  15  to  30  acre -feet)  per  year. 

The  precipitation  recharge  rate  in  the  southern  outcrops  is  Probably 
in  the  same  range  as  that  in  the  north,  or  from  near  zero  o  possi  ly 
0° 13  centimeters  (0.04  to  0.05  inch).  This  would  amount  to  20,970 to 
25  900  cubic  meters  (17  to  21  acre-feet)  per  year  m  ohe  southern  part 
-E+i.-  rnitcroD  area  It  is  possible  that  since  the  Fountain  and  Ljuns 
aquif  er^liave^ not  ex-tJive*  as  aquifer . 

part,  much  of  the  potential  recharge  is  rejected.  In 

aouifer  might  be  "full"  and  no  recharge  can  occur  until  withdrawals  tale 
piace.  The  validity  of  this  suggestion  will  probably  be  tested  semetime 
in  the  near  future  when  the  area  becomes  developed  and  more  detailed  da 

is  acquired. 

Additional  recharge  to  the  Fountain  and  Iyons  aquifers  possibly^  _ 
occurs  where  streams  cut  the  formations  along  the  east  flank  of  the  foot¬ 
hills  The  recharge  occurs  where  water  saturated  sand  and  gravel  of  the 
stream  bottom  contact  permeable,  unsaturated  sand  and  gravel ° 
the  subject  formation.  Major  stream  systems  which  might  contribute  to 
such  recharge  include  Clear  Creek,  Bear  Creek,  Turkey  Creek,  Beer  Creek, 
West  Plum  Creek  aid  the  South  Platte  Fiver.  Because  the  area  over  which 
such  direct  recharge  can  occur  is  so  small,  it  is  suggested  tha 
quantity  of  the  recharge  is  minimal  when  compared  to  other  sources. 

The  Fountain  and  Iyons  aquifers  are  possibly  artificially  recharged 
+h.  infiltration  of  water  through  water  diversion  and  storage  works 
K  aif  S  SS^tliS  those  Sites  whfe  such  recharge 

could  occur  include  the  Golden,  Welch  and  Church  Bitches  near  Golden, 
thfffighline  Canal,  Platte  Canyon  Ditch  and  the  Denver  ^t  erBoa^f 
t  rati  onuonds  near  Has  sler.  That  significant  recharge  to  the  Fountain 
oL  T.vons  aauifers  occurs  along  streams  and  water  diversion  works  is 
only  a  possibility.  Detailed  hydrogeologic  investigatims  are  require 
Neither  support  or  oppose  the  suggestions  regarding  such  recharge. 

A  —  n  quantity  of  water  is  probably  recharged  to  the  Fountain 
ana  Lyons  aquifers  as  infiltration  of  sewage  and  excess  lawn  and  garden 
irrigation  water  at  homesites  and  commercial  establishments. 

wa4n,v«.l  ana  artificial  discharge.  The  only  apparent  discharge  of 
water  from"the' Fountain  and  Iyons  aquifers  occurs  through  well  pun^ge. 
Sfr  "“ds  at  the  Colorado  Division  of  Water  Resources  indicate  that 
I^  Sllf  penetrate  the  Fountain  and  Lyons  aquifers.  Unregi  f 
wells  may  total  5  or  10.  Die  number  of  wells  penetrating  the  aquifer, 
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therefore,  ranges  between  about  25  and  35.  Most  of  the  wells  are  classed 
as  domestic  .  .  .  four  are  registered  for  commercial  use.  If  the  number 
of  people  utilizing  Fountain-Lyons  water  lies  between  80  and  160  and  the 
daily  per  capita  consumption  of  water  ranges  between  190  and  380  liters 
(50  and  100  gallons),  the  annual  withdrawal  of  water  ranges  between  6,170- 
22,200  cubic  meters  (5  and  18  acre-feet).  Withdrawals  approaching  37,000 
cubic  meters  (30  acre-feet)  per  year  are  not  unrealistic  when  lawn-garden 
requirements  and  modem  household  luxuries  are  considered. 


Py^r-gnTic  properties  of  the  aquifer.  The  artesian  nature  of  the 
Fountain  and  Iyons  aquifers  is  evident  in  wells  by  the  rise  in  water 
level  above  the  bottom  of  the  upper  confining  beds.  The  ma^or  upper  con 
fining  bed  is  the  Lykins  Formation  (predominantly  shale  and  limestone;. 
The  lower  confining  bed  is  the  Precambrian  basement  in  the  northern  hair 
of  the  Denver  Basin  and  the  Glen  Eyrie  Formation  or  Sawatch  Sandstone  m 
the  southern  half  of  the  basin.  Confining  beds  within  the  aquifers  have 
been  formed  by  thorough  cementation  of  sandstones  by  ferruginous  and 
siliceous  matter. 


Logs  of  existing  water  wells  indicate  that  depth  to  water  in  the 
Fountain  and  Lyons  aquifers  ranges  from  0  to  about  76  meters  (oO  feet;. 
Minimal  depths  to  ground  water  generally  occur  near  the  base  of  the  Foun¬ 
tain  strike  valley.  Depth  to  water  increases  in  an  eastward  direction 
as  the  Dakota  hogback  is  encountered.  Static  head  ranges  from  zero  to 
SO.  meters  (300  feet)  along  the  foothills  (fig.  6). 

Most  of  the  wells  which  tap  the  Fountain  and  Lyons  aquifers  are  used 
for  domestic  purposes  since  well  yields  are  relatively  small.  The  range 
of  well  yields  is  0.1  to  4  liters  per  second  (l  to  60  gallons  per  minute; 
with  an  average  of  about  0.3  to  0.6  liters  per  second  (5  to  10  gallons  per 
minute).  Wells  producing  an  excess  of  0.6  liters  per  second  (lO  gpm;  are 
probably  more  likely  to  occur  in  the  vicinity  of  faults.  Potential  water 
users  in  such  areas  should  investigate  their  property  in  such  light,  as 
the  presence  of  a  fault  could  make  the  difference  between  a  poor,  fair,  or 
an  excellent  well. 


The  Fountain  Formation  and  Lyons  Sandstone  have  not  been  extensively 
developed  as  aquifers;  consequently,  aquifer  properties  are  imperfectly 
understood.  Pump  test  data  are  available  for  several  wells  which  tap  the 
beds  ana  are  used  to  estimate  the  aquifer  parameters.  It  is  believed 
that  the  water-yielding  parts  of  the  aquifer  occur  generally  in  beds  or 
zones  frcm  1.5  to  6  meters  (5  to  20  feet)  thick. 


Specific  capacity,  the  ratio  between  discharge  and  drawdown,  of 
existing  wells  ranges  between  6.2  X  10"4  and  0.207  liters  per  second  per 
meter  of  drawdown  (0.003  and  1.0  gallon  per  minute  per  foot  of  drawdown) 
with  an  average  of  about  0.01  liters  per  second  per  meter  (0.05  gallon 
•per  minute  per  foot).  The  transmissivity  of  the  aquifer  was  found  by 
emperical  methods  to  lie  in  the  range  of  about  0.62  to  1.24  square  meters 
per  day  (50  to  100  gallons  per  day  per  foot  width  of  aquifer).  Hydraulic 
conductivity  of  the  aquifer  is  estimated  to  range  between  0.205  and  °-41 
meters  per  day  (5  and  10  gallons  per  day  per  square  foot 
Although  data  are  lacking,  estimates  of  the  storage  coefficient  and  sp 
fic  yield  are  assigned  as  follows:  Storage  coefficient  0.0001,  specific 
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yield  2  to  5  percent.  The  figures  are  subject  to  re-evaluation  as  more 
data  "become  available . 

Quantity  of  water  available  for  withdrawal.  The  quantity  of  water 
stored  withS  the  Fountain  and  Lyons  aquifers  is^bably 
However  the  quantity  which  can  be  recovered  is  limited  by  the  aquixcr 
S^st^rt  dip,  Ul properties,  end  displacement  by  faulting. 

•  The  renewing  estimte  of  stored  and  recoverable  vater  in  the 
Vnmvfcain  and  Lyons  aquifers  is  based  on  maxunum  well  depths  i^  the  rang 
oHS  to  WO  meSrs  (1,^00  to  1,500  feet),  and  treatment  of  the  exploit¬ 
able  part  of  the  aquifers  as  wedge-shaped  solids.  In  the 
of  thf basin  (Golden  to  Kassler)  the  quanti^r  of  water 
Fountain  Formation  is  estimated  to  range  between  78.9  X  10° and 3&0  x 
IcTcubic  meters  (64,000  and  292,000  acre-feet);  the  Wtxty  “ 

Lvons  Fornation  is  estimated  to  range  between  36.4  X  10°  and  90  X  10 

meters  (29,500  and  73,000  acre-feet).  In  the  southern  part  of  the 
basin,  the  quantity  of  water  stored  in  the  Fountain  6“ 

+,„„  i1iq  -i  x  106  and  372.5  X  10°  cubic  meters  (121,000  and  302,000 
acre-feet)^  the  quantity  stored  in  the  Lyons  Formation  : ranges  between 
37  X  1C?  and  93.8  X  1<P  cubic  meters  (30,000  and  76,000  acre-feet). 

About  30  percent  of  the  above  values  is  estimated  to  be  recovers  . 


The  Dakota  Group 

Water  from  the  Dakota  Group  is  obtained  from  sandstones  in  the 
myDer  30^aeters  (100  feet)  of  the  South  Platte  Formation  and  the  Lytle 
Formation.  The  shale  separating  the  water-bearing  sanastones  conm^^ 
vield  water  to  wells.  Wells  which  successfully  tap  the  Dakota 
are  generally  located  a  short  distance  east  of  the  outerqp  and  range  in 
aSttlSrS  to  305  meters  (about  100  to  ibout  1,000  feet).  Because  of 
+t£  ffpoim's  steen  eastward  dip  and  displacement  by  faulting,  and  an 
^t£Kt££.5!^f  eater  gnaUtTonly  a  fraction  of  the  Dakota  can 

be  utilized  as  a  source  of  water  (fig.  6). 

Natural  and  artificial  recharge.  Natural  recharge  to  the  water- 
bearing  horizons  of  the  Dakota  Group  originates  as  dcwnward  percoiation 
S^i^Stion  sad  as, seep  age  from  streams  uhich  cut  the  Dakota  hogback. 

The  average  annual  precipitation  which  falls  on  the  area  occupied 
by  the  Dakota  Group  is  about  40  centimeters  (about  16  i«*es]U  Ave£^e 
Sy.  September  precipitation  is  about  20  centimeters  (S  inches).  For 
rSsons^uggestXpreviously  (Fountain-Lyons  analysis),  the  ^cUve 
•precipitation  is  believed  to  occur  during  May  -  Septerrber. 

SreciSitation  which  falls  on  the  Dakota  Group  is  probably  lost  as  runoff 
m  the  east  and  west  flanks  of  the  hogback,  and  as  evapotranspiration. 

Se  rge  is  prcibably  ctnsiderably  less  than  0.8  centimeters  (shout 
0.1  inch)  throughout  the  project  area. 

The  water-bearing  sandstones  of  the  Dakota  Group  are  possibly  re¬ 
's.  ,  _  ysiaj,  through  stream  channels  at  water  gaps  m  the 

systems  which  might  contribute  to  such  recharge  include  Bear  Creek,  Turkey 
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Creek,  West  Plum  Creek  and  the  South  Platte  River.  Recharge  to  the 
Dakota  from  water  percolating  along  the  fault  plane  of  the  Golden  fault 
is  possible. 

The  water-bearing  horizons  of  the  Dakota  Group  are  possibly  arti¬ 
ficially  recharged  hy  the  infiltration  of  water  through  the  porous 
bottoms  of  water  diversion  and  storage  works  which  are  in  contact  with 
the  group.  Sites  where  such  recharge  might  occur  include  the  Highline 
Canal  and  the  Platte  Canyon  Reservoir,  both  near  Kassler. 

The  total  quantity  of  recharge  to  the  Dakota  Group  probably  does  -  - 

not  greatly  exceed  the  quantity  of  water  withdrawn  from  wells  which  tap 
it.  Until  evidence  to  the  contrary  is  developed,  it  is  suggested  that 
recharge  to  the  Dakota  ranges  between  4,900  and  17,300  cubic  meters 
(4  and  l4  acre-feet)  per  year. 

Natural  and  artificial  discharge.  The  only  apparent  discharge 
of  ground' water  from  the  Dakota  Group  occurs  through  well  pumpage.  The 
Dakota  has  not  been  heavily  developed  as  an  aquifer,  and  less  than  20 
known  domestic  wells  tap  the  Dakota.  Assuming  that  the  population 
served  by  Dakota  water  ranges  between  60  and  100  and  a  daily  per  capita 
water  consunption  of  190  to  380  liters  (50  and  100  gallons),  the  annual 
withdrawal  of  water  will  be  between  about  4900  and  8600  cubic  meters 
(4  and  7  acre-feet)  per  year. 

Hydraulic  properties  of  the  aquifer.  The  water-bearing  horizons 
of  the  Dakota  Group  can  be  defined  as  artesian.  The  upper  confining 
bed  is  the  Benton  Formation  (predominantly  shale)  and  the  lower  confin¬ 
ing  bed  is  the  Morrison  Formation  (predominantly  mudstone).  The  non¬ 
water  bearing  horizon  separating  the  two  aquifers  is  composed  predomin¬ 
antly  of  shale. 

Logs  of  existing  water  wells  tapping  the  Dakota  Group  indicate  that 
depth  to  water  ranges  from  0  to  about  30  meters  (about  100  feet).  Records 
of  water  level  changes  have  not  been  kept  but  the  limited  development  of 
the  group  has  probably  precluded  significant  declines.  Recent  expanded 
growth  of  metro-Denver  might  eventually  result  in  rapid  water  level  de¬ 
clines  of  a  large  number  of  wells  are  constructed  to  tap  the  Dakota 
Group.  The  current  static  head  ranges  from  zero  to  over  30  meters  (fig. 
6). 


Yields  of  wells  tapping  the  Dakota  Group  range  from  0.126  to  3.15 
liters  per  second  (2  to  50  gallons  per  minute)  with  an  average  of  one 
liter  per  second  (about  15  gallons  per  minute).  Wells  producing  15  or 
more  liters  per  second  are  most  likely  to  occur  about  400  meters  (1320 
feet)  or  more  east  of  the  outcrop  and  possibly  near  faulted  areas.  Very 
little  aquifer  and  pump-test  data  are  available  for  the  Dakota  Group 
the  foothills.  Most  of  the  aquifer  constants  on  the  group  are 
based  on  studies  of  the  Purgatoire  Formation  and  Dakota  Sandstone  of 
southeastern  Colorado.  Specific  capacities  of  the  group  range  from  0.001 
to  3.0  liters  per  second  per  meter  of  drawdown  (0.007  and  1.4  gallons  per 
minute  per  foot  of  drawdown)  with  an  average  of  0.07  liter  per  second  per 
meter  (0.34  gallons  per  minute  per  foot).  The  transmissivity  of  the 
Dakota  Group  as  a  whole  is  believed  to  range  between  0.62  and  5  square 
meters  per  day  (50  and  400  gallons  per  day  per  foot  width  of  aquifer  with 
an  average  of  about  2  liters  per  second  per  meter  (150  gallons  per  minute 
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per  foot),  Hydraulic  conductivity  of  the  Dakota  is  estimated  to  he  about 
0.12  meters  per  day  (3  gallons  per  day  per  square  foot).  The  coefficient 
of  storage  and  specific  yield  are  estimated  to  be  about  0.001  and  10 
percent  respectively. 

Quantify  of  water  available  for  withdrawal.  The  steep  eastward  dip, 
limited  hydraulic  properties,  displacement  by  faulting  and  economic  re¬ 
straints,  restrict  the  volume  of  exploitable  aquifer.  If  well  drilling 
operations  are  economically  restricted  to  depths  less  than  460  meters 
(1500  feet),  the  total  saturated  volume  of  material  is  1115  X  10°  cubic 
meters  (about  904,000  acre-feet).  With  a  specific  yield  of  10  percent 
and  a  recovery  factor  of  50  percent,  the  quantity  of  presently  recoverable 
water  is  about  55.5  X  10°  cubic  meters  (45,000  acre-feet). 


Laramie-Fox  Hills  Aquifer  1 

* 

The  Laramie-Fox  Hills  aquifer  is  the  oldest  of  the  major  aquifers 
within  the  Denver  Basin  project  area.  It  also  covers  the  largest  area 
of  the  basin  in  that  its  outcrop  pattern  nearly  circumscribes  the  area 
investigated.  The  Laramie-Fox  Hills  aquifer,  referred  to  as  the  L-F 
aquifer,  is  so  named  because  the  water-bearing  horizon  includes  in  ascen¬ 
ding  order,  the  Mill! ken  Sandstone  Member  (or  massive  sandstone  member) 
of  the  Fox  Hills  Formation,  and  the  A  and  B  sandstones  of  the  overlying 
Laramie  Formation.  Generally,  the  sandstones  are  separated  by  1.5  to  6 
meters  (5  to  20  feet)  of  shale  although  in  some  areas  shale  is  a  minor 
constituent  and  the  aquifer  consists  of  a  relatively  unbroken  sequence  of 
sandstones  (pi.  3). 

t 

The  boundaries  and  shape  of  the  L-F  aquifer  can  be  best  described 
with  reference  to  the  bedrock  geologic  map  and  structure  contour  map  of 
the  top  of  the  L-F  aquifer  (pis.  1,  and  4  and  fig.  7).  The  boundaries 
of  the  aquifer  are  its  outcrop  areas  in  the  east  and  southern  portions 
of  the  basin,  the  outcrops  and  faulted  portions  along  the  foothills  and 
the  northeast -southwest  trending  fault  zone  north  of  Big  Dry  Creek.  A 
north-south  trending  line  drawn  through  the  nose  of  the  contours  roughly 
parallels  the  longitudinal  axis  of  the  Denver  Basin.  East  of  this  axis, 
the  L-F  aquifer  dips  gently  toward  the  deep  portion  of  the  basin  underly¬ 
ing  Cherry  Creek  Reservoir.  West  of  the  longitudinal  axis,  the  aquifer 
is  upturned  against  pre-L-F  sediments  which  abut  against  Precambrian 
rocks  of  the  foothills.  The  aquifer  is  classed  as  artesian;  the  upper 
and  lower  confining  beds  are  the  Laramie  and  Pierre  Formations  respec¬ 
tively. 

The  thickness  of  the  L-F  aquifer  ranges  from  0  in  the  outcrop  areas 
to  about  120  meters  (about  400  feet).  The  average  thickness  of  the 
aquifer  is  about  6l  meters  (200  feet).  Thicknesses  exceeding  6l  meters 
occur  locally  in  the  Denver-metro  area  and  in  the  Black  Forest  region 
in  the  south-central  part  of  the  basin.  They  can  be  attributed  to  the 
thickening  of  the  principal  sandstones  and  the  possible  development  of 
several  otherwise  insignificant  sandstones  lying  30  to  6l  meters  (100  to 
200  feet)  below  the  Milliken  Sandstone.  In  areas  where  the  sands  below 
the  Milliken  are  significantly  close  to  the  L-F  aquifer  and  are  of  "suf¬ 
ficient"  thickness  to  form  a  potential  aquifer,  they  have  been  included 
as  part  of  the  main  aquifer. 
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Sandstones  stove  the  ”B”  of  the  2^Si°S“St”asS  JSrtS' 
developed.  This  tecanes  asjmetric  contours  in  this 

Of  the  structure  contours  of  plate  4.  A?«^f  f  sandstones  and  not,  as 

2 eTore  attributed  to  snob  vheven  d«elopM*  of  ssn^t  ^  m  the 

on.  night  believe,  to  ^^^Si^orison  is  the  Fox  Hills 
^Ln^eX^fes  the  relatively  even  struetnre  of  the  lover 

horizons. 

The  quantity  of  Jet  ^stone  in^the  SSrihution  of 

30  to  76  meters  (100  to  250  fee^)«  as  interpreted  from  the 

equal  thickness  of  net  sand in  well  logs.  Comparison  of  plate 

examination  of  about  300  oil  an  exceeding  ^6  meters  (150  feet) 

1  and  plate  6  shows  thicknesses  of  sand  exceeaing  the  longi_ 

occur  along  a  relatively  6,  wherfused  in  conjunction  _ 

tudinal  axis  of  the  Denver  Basin.  ^Pl_t  ^b,  the  L-F  aquifer  in 

^alternative  sources  of  ground  water. 

Depth  to  the  1-F  aquifer  : S  the  K£S°Fo£st!°l6  tf 
meters^2900  feet)  in FranttoSn.  Figure  7  illustrates 
32  kilometers  (10  to  20  )  nost-Pierre  bedrock  aquifers, 

generalized  geologic  sections  of  the  post  Fierr  aiid  mustrates 

Plate  7  is  an  isobath  map  of  the  top  t0  the  aquifer  is 

the  generalized  depth  to  the  aquif  .  centrai  part  of  the  basin, 

0V«  600  "^^^e^betveen  need,  economics,  and  alterna- 

rU—  «s  development. 

The  L-F  aquifer  is  ^^tif^inv^hyus^of  » 

as  has  been  brought  out  in  earli  portion  of  the  Denver  Basin  and 
is  a  cross  section  of  the '£%££*£££&*  log  data  in  locating 
illustrates  with  plate  3  the  basis  lor  us1H6 
the  basin’s  principal  aquifers. 

. . artificial  recharge.  The  ** 

naturally  recharged  by  the  inl'ixurati  P  +races  along  the  foothills 

outcrop,  subcrqp,  an^1pr°^^x  area  northeast  of  Golden.  Infiltration 
and  in  the  structurally  complex  occurs  to  a  small  extent  along  the 

of  seepage  from  live  streams  pro  ^  ^  the  study  area.  There 

foothills  and  possibly  in  ^"aq^is  recharged  by  the  per¬ 
is  a  definite  possibility  that  the  n  JeQuence  0f  clay  and  shale.  It 
eolation  of  water  through  the  h  the  overlying  beds  may  account 

impossible  that  the  flow  of  U»T3«m  on  the  approx- 

for  a  major  portion  of  ^  1070  indicate  that,  except  locally,  the 

^L"^er  is  fre  soith  to  north  (plate  8). 

Plate  8  also  shows  vhere  the  Eecharge 

infiltration  of  precipitaticnan  g  occur  only  where  the  ele- 

from  precipitation  and  s  r  *hpiow  the  elevation  of  the  outcrop* 

SticJ,  of  the  hydrostatic  head  is  m  80  kilometer 

Areas  which  aj®ear  to  area  and  along  an  ajprcndmately 

ig  ^  area  extending  from  Tovnshrp 
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15  South,  Range  60  West  clockwise  around  the  periphery  of  the  study  area 
to  Township  4  North,  Range  62  West. 

« 

U.  S.  Department  of  Commerce  weather  data  indicates  that  the  regional 
average  annual  precipitation  on  the  outcrop  areas  ranges  from  about  30 
centimeters  (12  inches)  in  the  prairie  lands  to  about  35  centimeters  (l4 
inches)  along  the  foothills.  Precipitation  is  more  likely  to  result  in 
.recharge  to  the  L-F  aquifer  during  the  period  May  -  September  when  the 
average  for  the  outcrop  area  is  about  23  centimeters  (9  inches).  Consider¬ 
ing  the  fact  that  precipitation  occurs  generally  as  thundershowers  and 
that  these  are  commonly  of  short  duration,  intense,  widely  scattered,  and 
that  many  areas  in  the  prairie  lands  experience  extended  rainless  periods , 
it  is  probable  that  only  a  small  percentage  of  the  precipitation  adds  to 
the  aquifer  recharge. 

The  L-F  aquifer  is  also  recharged  by  water  which  occurs  as  seepage 
along  fault  traces  and  along  live  stream  cuts.  The  percentage  that  such 
recharge  adds  to  the  "total  recharge  to  the  aquifer  is  unknown,  but  is 
thought  to  be  small  compared  to  that  furnished  by  other  sources.  Con¬ 
sidering  the  nature  of  precipitation  and  possible  limited  seepage  of  water 
along  fault  traces  and  stream  cuts,  the  recharge  by  such  sources  is  tenta¬ 
tively  assigned  a  value  of  2.54  millimeters  (0.1  inch).  Extended  over 
roughly  773  square  kilometers  (191,000  acres)  of  outcrop-subcrop  area, 
the  annual  rate  of  recharge  is  about  20  "X  105  cubic  meters  (l600  acre- 
feet). 

A  major  percentage  of  natural  recharge  to  the  L-F  aquifer  could  occur 
as  downward  percolation  of  water  through  overlying  beds  of  clay  and  shale. 
It  has  been  suggested  that  although  the  peimeabilities  of  clay  and  shale 
are  very  small,  large  areas  of  confining  material  under  a  substantial 
hydrostatic  head  can  transmit  appreciable  quantities  of  water  (Davis  and 
DeWiest,  1956,  pp.  224-229,  348,  349;  Muskat,  1946,  pp.  258-286;  and  Todd, 
1959,  P.  53).  The  transmission  or  leakance  of  water  frcm  shales  to  the 
L-F  aquifer  occurs  theoretically,  during  and  after  the  creation  of  a  head 
differential  produced  by  the  pumping  of  a  well.  Conparison  of  plate  8 
with  plate  4  shows  that  throughout  much  of  the  central  part  of  the  study 
area,  the  static  head  along  the  top  of  the  L-F  aquifer  ranges  frcm  about 
152  meters  (500  feet)  to  slightly  over  457  meters  (1500  feet).  The  area 
covered  by  at  least  76  meters  (250  feet)  of  head  is  about  10,530  square 
kilometers  (2.6  million  acres).  The  maximum  quantity  of  water  which 
could  percolate  through  a  confining  layer  having  a  hydraulic  conductivity 
of  4.1  X  10“3  meters  per  day  (10”5  gallons  per  day  per  foot2)  under  a  head 
differential  ranging  from  152  to  457  meters  (500  to  1500  feet)  is  approxi¬ 
mately  98.68  X  1C)5  cubic  meters  (8,000  acre-feet)  per  year.  The  total 
quantity  of  natural  recharge  of  water,  including  the  maximum  potential 
recharge  as  leakance,  to  the  L-F  aquifer  is  estimated  to  be  about  12.34  X 
2Xr  cubic  meters  (10,000  acre-feet)  per  year. 

If  artificial  recharge  of  water  to  the  L-F  aquifer  occurs,  it  probably 
does  so  where  the  latter  is  cut  by  or  is  near  earth-bottomed  water  diver¬ 
sion  ditches.  Such  recharge  might  occur  due  to  seepage  from  Ward  Ditch 
or  the  Warrior  Canal  east  of  Morrison,  and  possibly  as  seepage  from  the 
Platte  Canyon  Ditch  and  Highline  Canal  in  the  vicinity  of  Littleton. 
Recharge  from  these  potential  sources  is  believed  to  be  small  compared  to 
that  of  other  sources.  Artificial  recharge  from  sewage  effluent,  over 
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irriration,  and  excessive  stock  watering  probably  does  not  occitr  to  a 
sources  of  such  recharge  are  far  removed  from  their 
origin  and  are  generally  "captured"  by  the  more  accessible  shallow 
ground  water  and  surface  water  systems. 

The  -possibility  that  the  L-F  aquifer  is  artificiany  recha^nve^ 

5ST(1968),  and  Owens  (1971). ^  The  thesis  of 

i3m  end'Wens-  based  on  .  f>e“^^eSSaSSs?  ’Knhn 

ouality  relationships,  and  ground  water  and  well  hy  ., 

(Z  2^)  IZlTsts  that  the  potentiometric  surface  of  the  L-F  aquifer  . 

extending  from  the  southern  nose  cf  the  outcrop  nor®- 
“  .5  1  e»e  -'jSr  potentiometric  surface  lies  above  the  water  table 

-'nterface,  discharge  from  the  L-F  aquifer  occur  . 
■'uQ.r-rlt'±  h-her  than  the  potentiometric  surface,  the 

v.nere  -one  ».^^er  -^le  _s  L.F  aauifer.  Kuhn  also  suggests 

SS?cStSn of  several  L-F  weile  in  !us ^hesis 
-...3  due  'to  the  encroachment  of  poor  quality  uat-OT  ’/cm  P-  -jS- 
7-?nK*  :-;io«  '-mley  alluvial  deposits.  Owens  (Wtt-  •!>.  > ' '■£) 

¥££**  «>*  thf  sustained  puling  of  wells  taping  tte 
v~r“>w-r0^“t-*Ss  reverses  the  natural  potentiometric  gradient,  -o  the 
water  in  surface  alluvial  deposits  can  be  .nauced  no 
*VAeth-ouA  tha  alluvium-bedrock  interface  and  recharge  uhe  oecrock 

ers . 

fii^o-eeh  sufficient  data  are  lacking  to  establish  recharge  rates 
-,d  mSti“ed  in  the  natural  discharge  section  to  follow, 

t *.? Srt  artificial  recharge  due  to  a  reversed  potentiometric 

section  of  this  report. 

and  artificial  discharge.  Ground  water  from  the  L-F  f 

disced  naturally  as  seepage  ~S5d  possible  springactivityinareas 
"vjfe  •‘■he'aouifer’s  potentiometric  surface  lies  above  the  elevation  of 
SrSbcrop.  Hate  8  shows  that  such  areas  possibly  exist 
n  Sp-o-^It<^  56  kilometer  (35  mile)  length  of  outcrop-s^crop 
^  the  southern  -part  of  the  outcrop  pattern  and  along  a 

cetween  gyajgjto.  rf  Mtorop-eubcrop  fron  a  point 

SS%rwSSSr.  (12  miles)  east  of  Byers  northward  to  en  area  roughly  19 
idlometers  southeast  of  Greeley* 

The  suggestion  that  the  L-F  aquifer  is  naturally  discharging  water 
Siong^e ‘SSV^rcp  —t  oflimon  is  ^sed  on 

«»  ZZtiSSi?*  tS^utoSp- 

^h1^'  tosf  (SS°S  tteix  tributaries  which  head  in  the  region  »«r 
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Rush.  Colorado.  It  is  possible  that  the  spring  activity  and  Perennial 
reaches  of  streams  are  due  tc  the  discharge  of  interflow  from  surficiai 
deposits.  Additional  field  data  will  have  to  he  examined  before  the 
problem  can  he  solved. 

The  configuration  of  potentioaetric  contours  and  the  presence  of 
other  phenomena  related  to  natural  discharge  indicate  that  a  substan-  . 
tial  quantity • of  wate^disclSr'gds  from  the  the  J^tneao- 

tem  iart  of  the  study  area.  Potentiometric  surface^ contours  based  m 
well  data  furnished  to  the  State  Engineer’s  office  nxjla-  v*. .  l*s  ''*-**  . 
years  indicate  that  the  discharge  of  L-F  water  possibly  occurs^  along^nuc- 
of  the  113  kilometer  (70  mile)  length  of  outcrcp-subcr^aescribed  abov~ 
end  indicated  on  plate  3.  This  suggestion  is  substantiated 
tenc*  cf  several  flowing  wells  which  exist  aovndip  xrem  uie  cuucrop  -rea, 
the  presence  cf  serps,  phreatephyte  growth  in  local  c^crcp-svocrsp 
zones,  and  by  work  accomplished  by  Eibby  ir^nis  " 

37),  Bibey  suggests  .thgt  the  L-?  aquifer  is  discaarging  wr.,er  uhrou^hou. 

all  of  his  thesis  area. 

Calculations  using  hydraulic  conductivities  ranging  from  0.82  to 
1.43  meters  per  day  (20-35  gallons  per  day  per  square  *oou)  an-_sJ.ope^cr 
potentiometric  surface  of  4  and  5  meters  per  kilometer  {22  ana  cp  *ee« 
per  mile)  indicate  that  the  total  quantity  of  water  naturally  discharged 
from  the  L-F  aquifer  ranges  from  about  68  X  10?  to  Ho  X  10?  cubic  meters 
(5500  to  9--’-00  acre-feet). 

Water  is  artificially  withdrawn  ir<xx  the  L-F  aquifer  via  a  large  ^ 
number  cf  domestic,  stock,  irrigation,  commercial, _ industrial  and  muni¬ 
cipal  wells.  Plate  3  shews  hew  wells  tapping  the  L-,-  s.qu^j.a.  a_e^c_s 
tributes  within  the  basin.  Because  of  the  relatively  shallow  aep-ns., 
most  of  the  wells  are  located  within  or  near  the  outcrop -subcrop  areas. 

As  cf  winter  1574,  there  were  approximately  cOC  vsH?  -'-t™"*  * 

the  L-F  aquifer  within  the  bounds  cf  the  study  area.  Aocu*  *bj 
the  wells  are  classed  as  the  domestic-stceh  type.  TJcsr  cf  water  iron  jn°®c 
wells  include  conaon  household  and  garden  requirements  ar.v  u..e  mtering 
livestock.  Well  discharges  average  1  liter  per  second  *15  g=— ^no  per 
minute).  There  are  about  46  municipal  wells  tapping  tne  n-jr  aquifer. 

The  number  of  municipal  wells  within  the  Denver  Basin  was  a*  one 
much  higher,  but  the  availability  cf  water  from  many  cu  t..e  large*  v-t 
distribution  companies ,  local  pimping,  ana  water  quality  pro  eras  ave 
led  to  the  temporary  disuse  of  many  L-F  wells.  The  average  discharge  of 
a  typical  municipal  well  in  the  basin  is  5  liters  per  second  (a  ouu 
gniirmg  per  minute).  Records  in  the  State  Engineer’s  well  -lies  shew  that 
23  wells  tapping  the  L-F  aquifer  are  classed  as  commercial  and/or  indus¬ 
trial.  Industrial  use  implies  that  the  water  is  used  in  a  manufactured 
product.  The  typical  commercial  and/or  industrial  well  in  tne  basin  dis¬ 
charges  water  at  the  rate  of  4  liters  per  second  (about  60  gallons  per 
minute).  Only  16  wells  are  known  to  tap  the  L-F  aquixer  ^  cOTmercial 
irrigation  and/or  stock  purposes.  The  average  discharge  of  these  wells  is 
6  liters  per  second  (about  90  gallons  per  minute/. 

In  the  past,  there  was  some  confusion  regarding  the  definitions  of 
domestic,  stock,  commercial  and  municipal,  and  irrigation  veils.  e 
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public  was  only  partly  aware  of  the  Colorado  Ground  Water  Law  and  was 
probably  less  aware  of  guidelines  utilized  by  the  State  Engineer. 
Consequently,  there  exists  a  considerable  number  of  erroneously  classi¬ 
fied  wells  in  the  Denver  Basin.  For  example,  a  well  which  produces 
water  for  a  sizeable  trailer  court  might  be  on  record  as  a  domestic 
well,  and  a  well  which  is  used  for  the  watering  of  5000  cattle  in  a 
large  feed  lot  might  be  classified  as  a  stock  well.  Unfortunately ,  such 
problems  are  identified  and  corrected  only  occasionally.  Hence,  there 
is  an  inherent  error  in  the  reported  number  of  wells  in  each  category. 
Table  2  lists  the  approximate  total  annual  withdrawal  from  each  type  as 
based  on  winter  1974  data. 

A  "safety"  factor  of  25  percent  is  included  in  the  withdrawal 
column  to  account  for  the  probability  that  most  of  the  well  records 
report  over-estimated  yields  and  that  most  of  the  wells  do  noo  operate 
on  a  24-hour  basis.  In  addition,  most  of  the  rural  municipalities  and 
many  of  the  municipal  wells  within  Metropolitan  Denver  are  not  metered, 
hence,  no  records  are  available  as  to  annual  withdrawals.  Table  2  shows 
that  the  approximate  annual  withdrawal  of  water  from  wells  tapping  the 
L-F  aquifer  is  203.54  X  10'  cubic  meters  (about  16,500  acre-feet). 

Hydraulic  properties  of  the  aquifer.  Yields  of  wells  which  tap  the 
L-F  aquifer  presently  range  from  one  or two  liters  per  second  (several 
gn iinna  per  minute)  for  typical  domestic -stock  wells  to  about  13  liters 
per  second  (200  gpm)  for  properly  designed  municipal  or  irrigation  wells. 
Thus  13  liters  per  second  appears  to  be  the  maximum  sustained  yield  of 
wells  tapping  the  aquifer;  most  "high  capacity"  wells  in  the  L-F  aquifer 
yield  about  6  liters  per  second  (100  gpm) .  It  has  been  reported  that  in 
seme  areas  north  and  south  of  Metropolitan  Denver,  the  maximum  sustained 
yields  of  sane  wells  tapping  the  L-F  aquifer  are  much  less  than  6  liters 
per  second.  Whether  the  poor  yield  is  due  to  locally  poor  aquifer  pro¬ 
perties  or  deterioration  of  the  well  is  unknown  in  most  cases.  In  sane 
instances,  however,  the  reduction  of  yield  has  been  attributed  to  local¬ 
ized  over-development  of  the  aquifer.  Specific  capacities  (ratio 
between  pump  discharge  and  feet  of  drawdown)  and  other  aquifer  proper¬ 
ties  are  given  in  table  3. 

Plate  8  shows  the  approximate  configuration  of  the  potentiometric 
surface  of  the  L-F  aquifer  for  1975.  The  contours  clearly  indicate 
those  areas  where  declines  occurred  because  of  excessive  withdrawals 
of  water.  In  Metropolitan  Denver,  there  exist  local  instances  of 
flowing  L-F  wells  in  regions  which  have  experienced  excessive  water- 
level  declines.  The  fact  that  some  wells  in  these  regions  continue  to 
flow  is  an  indication  that  the  aquifer  has  a  low  hydraulic  conductivity. 


Available  aquifer  and  pump-test  data  for  the  L-F  aquifer  indicate 
a  wide  range  of  values  of  hydraulic  conductivity  (K).  Tests  show  that 

ShlWu  llm  8.2  X  1(3  to  1.43  -rtors/day  (0.002  to  35  afl/tf). 

Based  on  the  most  reliable  of  the  available  data  and  supported  by  infor- 

SSnioSvie  and  DeWiest  (1966,  pp.  .348,349)  «*!»*«*  («». 

•d  53  and  1970,  p.  206) ,  and  considering  the  fact  that  the  L-F  aquifer 
is  a  good  to  excellent  aquifer  throughout  most  of  the  Denver  Basin,  it 
is  suggested  that  K  be  assigned  to  range  generally  between  0.4l  and  1.4 
meters/day  (10-35  gpd/ft).  The  transmissivity  of  toe  L-F  aquifer  ranges 
between  12.4  and  87  square  meters/day  (1000-7000  gpd/ft). 
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Aquifer  and  pump-test  data  indicate  that  the  storage  coefficient  (S) 
for  the  L-F  ranges  between  0.00012  and  0.21.  The  high  values  were  obtained 
from  laboratory  tests  performed  on  core  samples  taken  from  outcrops  within 
the  Metropolitan  Denver  area,  and  in  one  case  from  a  test  performed  on  a 
core  of  sandstone  taken  from  a  depth  of  556.3  ~  556.6  meters  (1825-26  feet).. 
The  average  value  of  S  for  artesian  conditions  is  assigned  a  value  of  0.0004. 
Under  water  table  conditions,  the  value  ranges  from  0.07  to  0.21;  the  average 
being  0*15  •  The  percentage  of  drainable  storage  of  the  L-F  aquifer  is  esti- 
mated  to  range  between  15  and  20  percent. 

Quantity  of  water  available  for  withdrawal.  The  total  volume  of 
saturated  L-F  aquifer  is  approximately  5.4  X  lCr-1  cubic  meters  (437.8 
million  acre-feet).  Applying  a  specific  yield  of  15  percent,  about  810.5 
X  10°  cubic  meters  (65.7  million  acre-feet)  could  he  drained  by  gravity. 

The  quantity  which  can  be  removed  by  wells  is  probably  considerably  smaller. 
Applying  the  common  "percent  available  to  wells'  factor  of  50  percent 
results  in  405.2  X  10®  cubic  meters  (32.9  million  acre-feet)  of  water. 

The  quantity  of  water'  in  storage  represented  by  the  hydrostatic  Dead  is 
about  863.53  X  10^  cubic  meters  (0.7  million  acre-feet).  If  all  of  the 
latter  could  be  withdrawn,  the  total  quantity  of  presently  recoverable 
water  is  about  4l4.5  X  10°  cubic  meters  (33.6  million  acre-feet). 


Laramie  Formation 

Although  that  part  of  the  Laramie  Formation  lying  above  the  B  sand¬ 
stone  is  considered  confining  strata,  there  are  two  relatively  prominent 
sandstone  horizons  which  have  been  assigned  as  potential  aquifers  (pi.  3). 
Although  the  two  sandstones  have  not  been  developed  to  a  great  extent 
within  the  boundary  of  this  report,  they  are  treated  here  because  of  their 
potential.  The  sandstone  horizons  are  generally  3  to  6  meters  (10  to  20 
feet)  thick,  are  separated  by  15  to  30  meters  (50  to  100  feet)  of  shale, 
and  occur  generally  30  to  60  meters  (100  to  200  feet)  above  the  L-F  aqui¬ 
fer.  Plate  9  is  a  structure  contour  map  of  the  top  of  the  Iaramie  Forma-  ^ 
tion. 

Hydra^nc  properties  of  the  aquifer.  Since  the  upper  Laramie  sand¬ 
stones  are  confined  above  and  below  by  considerable  thickness  of  clay  and 
shale,  and  because  existing  data  indicate  the  water  level  rises  above  the 
bottoms  of  the  upper  confining  beds,  the  production  zone  must  be  classed 
as  artesian.  Yields  of  typical  wells  tapping  the  upper  Laramie  sands 
range  from  0.2  to  over  1  liter  per  second  (3  to  over  20  gpm)  with  specific 
capacities  averaging  0.08  lps/m  (0.4  gpra/ft)  (table  3).  Hydraulic  con¬ 
ductivities  of  the  Laramie  range  from  about  0.08  to  0.2  meters  per  day 
2-5  gpd/ft*).  Transmissivity  values  range  from  1.6  to  3.7  square  meters 
.per  day  (130-300  gpd/ft).  Based  on  meager  data,  the  storage  coefficient 
and  specific  yield  are  assigned  values  of  0.001  and  10  percent  respectively. 

Quantity  of  water  available  for  withdrawal.  Based  on  a  planimetric 
areal  extent  of  about  12,150  square  kilometers—(3  million  acres),  as 
assigned  ccmbined  thickness  of  12  meters  (40  feet)  of  sand,  and  a  speci¬ 
fic  yield  of  10  percent,  the  quantity  of  water  recoverable  by  gravity 
approximates  l48  X  lO^-®  cubic  meters  (12  million  acre-feet).  The  quan¬ 
tity  of  water  presently  recoverable  by  wells  is  estimated  to  be  25  percent 


or  about  37  X  10®  cubic  meters  (about  3  million  acre-feet). 


Dawson  Group 

In  ascending  order,  the  formations  included  in  the  Dawson  Group 
are  the  Arapahoe  Formation,  Denver  Formation,  and  the  Dawson  Arkose. 

Each  of  the  formations  are  considered  as  an  aquifer  because  of  the  _ 
presence  of  thick  sandstone  horizons  within  them.  Although  individual 
sandstone  layers  are  commonly  separated  by  shale  beds  ^n.^hL  k" , 

ness  from  several  centimeters  to  several  meters  (several  inches  to 
several  feet)  some  horizons  are  so  thick  that  they  can  be  developed  as 
if  they  were  a  single  unit  .  (pi.  3). 

The  Dawson  Group  has  experienced  more  groundwater  utilization  ( 
than  all  of  the  other  bedrock  aquifers  in  the  Denver  Basin  combined. 

The  reasons  for  the  extensive  development  are  economics  and  water  qu-.li  y. 
The  Dawson  Group  has  proven  to  be  economically  desirable  to  exploit  be- 
cause  of  the  great  range  of  depths  which  can  be  utilized  as  water-bearing 
horizons .Depending  upon  the  quantity  of  water  desired  and  location 
within  the  basin,  the  well  user  can  explore  ^ter-bearing  strata  ranging 
in  depth  from  30  or  60  meters  (100  to  200  feet)  to  about  760  ®eter 
(2500  feet).  The  latter  figure  represents  the  approximate  depth  to  the 
base  of  the  Arapahoe  Formation  in  the  south -central  part  of  the  b  in. 

The  quality  of  water  tapped  from  the  formations  within  the  Dawson  roup 
is  u^SS  more  desirabS  than  that  from  the  L-F  aquifer  priori* because 
it  is  10  to  15  degrees  F  cooler  and  does  not  possess  excessive  quarrti 

of  dissolved  gases. 

The  boundaries  and  general  shape  of  the  Dawson  Group  are  illustrated 
in  plates  1  and  9,  and  in  figure  7.  Tke  boundary  at  the  base  of  the 
group  can  be  traced  by  the  Laramie-Arapahoe  contact  in  the  prairie  lands 
S^of  the  foothills  and  by  the  sharply  upturned,  and  m  places,  down- 
faulted  areas  along  the  foothills. 

The  basal  aquifer  of  the  group  is  the  Arapahoe  Formation.  The 
Aranahoe  is  generally  150  to  180  meters  (500-600  feet)  thick,  composed 
of  predominantly  sandstone  and  conglomerate,  and  has  proven  to  be  a 
most  reliable  source  of  good  to  excellent  quality  prou^d  water.  At  least 
90  meters  (300  feet)  of  sandstone  is  locally  present. 

Most  of  the  individual  sandstone  beds  of  the  Arapahoe  Formation, 
jartiSrg  SLf within  the  uppor  pert,  ene  Untieulnr  in  nature  and 
Se  difficult  to  trace  for  great  distances.  The  sandstones  of  the  basal 
^t  however  are  so  numerous  and  lithologically  unique  that  they  can 
I^Atified  bv  electric-logging  methods  and,  when  well  exposed, 

*e  SVnla  ^  SmtSSis  distinguished  from  the  overlying 

color,  conpositian,  ^ 

t eristics  •  Sands  of  the  Arapahoe  Formation  are  generally  much  coarser 
£5  2e  llchter  colored  than  those  of  the  overlying  Denver,  there  is  a 

SSS^ance  of  sand  orer  clay,  and  variable  coal  seaua  are rare. 
The  differences  in  texture  and  composition  are  generally  rev  e  ^ 

E-log  traces  (pi.  3). 


Depth  to  the  Arapahoe  Formation  ranges  from  zero  to. about  610  meters  ^ 
(2000  feet)  in  the  deeper  parts  of  the  basin.  Plate  10  is  a  structure 
contour  map  of  the  top  of  the  formation. 

Overlying  the  Arapahoe  Formation  are  the  claystones ,  diales ,  sand¬ 
stones  and  conglomerates  of  the  Denver  Formation.  Unlike  the  Arapahoe, 
the  Denver  Formation  does  not  contain  a  thick  series  of  closely  spaced 
sandstones  which  can  be  easily  traced  throughout  the  entire  Denver  Basin. 

The  sandstones  thin  considerably  in  an  eastward  direction  and  become 
interf ingered  with  thick  sequences  of  clays  and  shales.  Toward. the  south, 
their  development  is  very  irregular;  sandstones  ccmmonly  grade  into  shale 
within  relatively  short  distances  (Kittleman,  pp.  29-37).  Beds  of  lignitic 
coal  are  locally  developed. 

Electric  logs  and  data  frcm  various  reports,  which  deal  in  part  with 
the  Denver  Formation,  indicate  that  the  most  likely  location  of  reliable 
water-bearing  strata  occur  in  the  lower  one-half  of  the  formation.  Where 
best  developed,  the  ’’aquifer  zones”  of  the  Denver  are  composed  of  a  30  to 
45  meter  (100-150  feet)  thick  series  of  sandstones  interbedded  with  shale. 
Spot  checks  of  E-logs  indicate  that  the  formation  contains  roughly  20  to 
40  percent  sand  (pi.  3) .  Plate  11  is  a  structure  contour  map  of  the  top 
of  the  formation. 

The  Dawson  Arkose  consists  of  up  to  335  meters  (1,100  feet)  of  sand¬ 
stone,  conglomerate  and  shale.  Like  the  Arapahoe  Formation,  the  Dawson 
Arkose  has  proven  to  be  a  reliable  source  of  good  quality  ground  water. 
Although  the  Dawson  contains  considerable  local  thicknesses  of  clay  and 
\  shale,  the  regionally  predominant  material  is  coarse,  arkosic,  and 

N  micaceous  sandstone.  The  sandstones  are  irregularly  dispersed  throughout 
the  entire  formation  but  appear  to-  be  thicker  in  the  lower  part  and  parti¬ 
cularly  thick  near  the  foothills.  Reliable  water  well  drillers'  sample 
logs  of  the  formation  are  rare,  and  until  recently  E-log  data  was  vir-. 
tually  non-existant;  hence  information  regarding  the  Dawson -Arkose  is  in-  . 
complete.  Examination  of  existing  data  indicates  that  the  principal  watei 
bearing  horizon  occurs  in  the  lower  120  to  150  meters  (400  to  ^00  feet). 

The  upper  150  to  180  meters  (500  to  600  feet)  does  contain  water-bearing 
strata  which  generally  are  not  as  well  developed  as  in  the  lower  half. 

Plate  3  illustrates  the  use  of  E-logs  in  identifying  the  Dawson 
Arkose.  Plate  11,  which  is  a  structure -contour  map  of  the  top  of  the 
Denver  Formation,  is  also  a  structure-contour  map  of  the  base  of  the 
Dawson  Arkose. 

Much  work  needs  to  be  done  before  the  aquifer  characteristics  of  the 
Denver  Formation  and  Dawson  Arkose  can  be  accurately  delineated.  The 
importance  of  obtaining  E-log  data  for  future  investigations  cannot  be 
*  overstressed.  Indeed,  it  is  the  lack  of  such  data  that  prevents  detailed 
examination  of  the  upper  formations  of  the  Dawson  Group.  Due  to  emphasis  ^ 
the  Colorado  State  Engineer  has  recently  placed  on  obtaining  E-logs 
from  newly  constructed  water  well  bore  holes ,  data  regarding  the  Denver 
Formation  and  Dawson  Arkose  will  gradually  become  more  complete. 

Natural  and  artificial  recharge.  Natural  recharge  to  the  members  of 
the  Dawson  Group  is  derived  primarily  from  the  infiltration  of  precipita¬ 
tion  in  areas  of  outcrop  and  subcrop,  and  probably  along  fault  zones  which 


(47) 


flank  the  foothills.  Additional  natural  recharge  probably  occurs  as 
infiltration  of  seepage  from  many  of  the  live  streams  which  head  in  _ 
the  Black  Forest  region.  The  lower  members  of  the  group  probably  receive 
a  measurable  quantity  of  recharge  through  overlying  clay-shale  strata. 

Although  U.  S.  Department  of  Commerce  isohyetal  maps  indicate  that 
annual  precipitation  on  the  outcrop  and  subcrop  areas  ranges  between  3» 
and  43  centimeters  (15  and  17  inches),  there  exist  several  factor  which 
could  reduce  the  formation's  ability  to  accept  recharge:  (l)  summer  pre¬ 
cipitation,  although  frequently  intense  is  generallyof ^  ilSL 
duration  and  widely  scattered;  (2)  the  area  enveloped  by  the  Dawson  Group  „ 
has  an  average  annual  evaporation  rate  of  140  centimeters  (55 
(U.  S.  Weather  Bureau  Class  A  pans);  (3)  much  of  the  geologic  mt^ial  l 
mantled  by  surficial  deposits  and  vegetative  cover;  and  (4)  the  Dawson 
Group  has  a  low  overall  permeability  and  its  sandstones  are  markedly  len¬ 
ticular.  The  net  effect  of  the  above  conditions  is  that  natural  recharge 
to  the  group  might  be  rejected  in  some  areas  and  readily  accepted  m 
others . ^Recharge  that  does  take  place  probably  occurs  to  a  greater  degree 
during  the  spring  from  the  infiltration  of  spring  snowmelt  and  rainfall. 

Undoubtedly,  natural  recharge  of  water  to  the  Dawson  Group  occurs 
via  seepage  through  fault  traces  and  along  live  stream  cuts.  The  per¬ 
centage  that  such  recharge  adds  to  tie  formations  will  remain  unknown 
until  more  detailed  studies  have  been  undertaken.  It  is  probable  that 
the  natural  recharge  from  such  sources  is  negligible  compared  to  that 
furnished  by  the  infiltration  of  precipitation. 

The  assigned  value  of  natural  recharge  to  the  Dawson  Group  from  pre¬ 
cipitation  and  streamflow  seepage  is  1.27  centimeters  (one-half*  inc) 

128.29  X  1CP  cubic  meters  (104,000  acre-feet)  per  year.  The  quantity  of 
potential  recharge  as  percolation  through  overlying  clay-shale  strata  is 
highly  speculative  at  this  time.  Since  the  potentiometric  data  are 
If.r'Viwg  and  the  area  occupied  by  the  Dawson  Group  is  only  aoout  75  per¬ 
cent  of  the  area  occupied  by  the  L-F  aquifer,  the  quantity  o  sue 
recharge  or  leakance  is  tentatively  assigned  a  value  of  65  percent  of 
similar  recharge  to  the  L-F  aquifer  of  64.15  X  105  cubic  meters  (5200 
acre-feet)  per  year.  Total  natural  recharge  to  the  Dawson  Groupis 
tt^efSe  eSiLte^  at  about  135.69  X  10&  cubic  meters  (110,000  acre-feet) 

per  year.  y 

Water  is  artificially  recharged  to  the  Dawson  Group  as  percolation 
of  waste  water  from  domestic/stock,  irrigation,  ccmmiercial,  industrial, 
and  municipal  systems.  Considerable  investigation  must  be  acc^piished  ^ 
before  the  quantity  of  such  recharge  can  be  accurately  estimated.  Because 
the  aquifer  horizons  generally  lie  at  a  considerable 

surface  and  that  most  of  the  waste  water  is  lost  as  evapotranspiration  or 
is  captured  by  shallow  ground  water  or  surface  water  systems,  it  is  sug¬ 
gested  that  such  recharge  is  minimal  when  compared  to  natural  recharge. 

Natural  and  artificial  discharge.  As  of  this  ^^ing,  there  is  some 
evidence  that  members  of  the  Dawson  Group  might  be  discharging  water  at 
the  surface.  Discharge  of  interflow,  overflow  from  perched  vat^  tables, 
2d  possibly  discharge  of  water  frau  fault  traces  account  for  spring  ac¬ 
tivity  which  occurs  in  many  parts  of  the  Black  Forest  region. 


Based  on  limited  potentiometric  surface  data  and  the  probable  exis¬ 
tence  of  local  discharge  of  water  to  underlying  aquifers,  it  is  estimated 
that  potential  discharge  of  water  by  this  means  is  about  64.15  x  10^  cubic 
meters  (5200  acre-feet)  per  year. 

As  of  winter  1974,  about  6000  wells  were  known  to  tap  water-bearing  t 
horizons  within  the  Dawson  Group.  About  90  percent  of  these  wells  are 
classed  as  domestic -stock.  Discharge  from  typical  domestic-stock  wells 
averages  0.82  liters  per  second  (13  gallons  per  minute).  About  130  muni¬ 
cipal  wells  are  known  to  tap  the  Dawson  Group  of  formations,  with  their 
discharge  ranging  from  3  bo  19  liters  per  second  (50  to  300  gallons  per 
minute) .  Both  large  and  small  municipalities  are  included.  Large  water 
agencies  are  typified  by  South  Adams  County  Water  and  Sanitation  District 
and  the  City  of  Westminster,  small  agencies  are  typified  by  the  City  of 
Strasburg  and  Federal  Heights  Water  and  Sanitation  District.  About  300 
wells  tap  the  Dawson  Group  for  commercial,  industrial  and  commercial  irri¬ 
gation  or  stock  purposes. 

As  with  the  L-F  aquifer,  the  same  type  of  confusion  exists  regarding 
the  public  concept  of  the  varying  definitions  of  well  uses.  Hence,  the 
exact  number  of  wells ’in  each  category  is  not  certain.  Future  investiga¬ 
tions  will  be  designed  to  reveal  both  the  exact  numbers  and  locations  of 
each  well  and  to  furnish  much  needed  water-level  change  information. 

The  data  will  be  used  to  calculate  a  more  accurate  recharge -discharge, 
figure  and  as  an  aid  in  managing  and  predicting  the  life  of  the  group  as 
an  aquifer. 

Table  4  lists  the  approximate  number  of  Dawson  Group  wells  in  each 
of  the  four  major  categories  and  the  estimated  annual  withdrawal.  The 
figures  derived  for  an  wells  except  municipal  are  based  on  operating 
times  of  about  70  percent  of  a  24-hour  day. 

Hydraulic  properties  of  the  aquifers.  Most  of  the  water-bearing 
horizons  within  the  Dawson  Group  are  classed  as  artesian.  The  lower  con¬ 
fining  formation  of  the  group  is  the  Laramie  Formation.  The  confining 
beds  above  the  Laramie  Formation  are  clay-shale  strata  within  the  Arapa¬ 
hoe,  Denver  and  Dawson  Formations. 

Wells  which  tap  the  Dawson  Group  have  been  designed  .to  punp  from 
about  one  liter  per  second  (10  gallon:-'-  per  minute)  for  typical  domestic- 
stock  wells  to  an  average  of  about  10  liters  per  second  (150  gallons  per 
minute)  for  typical  municipal  wells.  The  extensive  development  of  sand 
and  conglomerate  in  the  Arapahoe  Formation  and  the  Dawson  Arkose  has  per¬ 
mitted  the  construction  of  wells  which  yield  up  to  25  to  30  liters  per 
second  (400  to  500  gallons  per  minute)  from  properly  designed  wells. 

Since  most  of  the  high  capacity  Dawson  Group  wells  are  completed 
in  the  Arapahoe  Formation,  more  hydregeologic  data  are  known  about  them 
than  either  the  Denver  or  Dawson  Formations.  The  reason  for  the  numer¬ 
ous  high  capacity  wells  in  the  Arapahoe  is  at  least  twofold;  (l)  most 
of  the  municipalities  which  utilize  Arapahoe  water  are  located  outside 
the  boundary  of  the  Dawson  Arkose,  and  (2)  the  concept  that  the  deeper 
aquifer  (Denver  vs.  Arapahoe)  would  be  a  more  reliable  long-term  source  of 
water  than  the  relatively  shallow  and  locally  heavily  utilized  Denver  For¬ 
mation.  Existing  evidence  suggests  that  although  the  Denver  Formation 
contains  locally  extensive  development  of  sand,  most  of  the  formation’s 
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Additional  studies  are  required  to  assign  values  to  the 
average  annual  withdrawal  of  water  from  each  formation 
within  the  Dawson  Group. 


sand  layers  are  separated  by  relatively  thick  sequences  of  clay  and/or 
shale.  In  order  to  obtain  large  well  yields  from  such  sand-shale  sequen¬ 
ces,  the  entire  aquifer  might  have  to  be  tapped;  which  might  be  hazardous 
from  a  potential  water  quality  degradation  concept. 

The  Dawson  shows  good  potential  for  supporting  high-capacity  wells 
in  the  south-central  part  of  the  basin.  An  E-log  of  one  oil  well  test 
hole  indicates  the. presence  of  a  predominantly  sand  sequence  no  less 
than  183  meters  (600  feet)  thick  (pi.  3).  Such  sequences  of  sand  should 
support  sustained  yields  of  at  least  25  liters  per  second  <4o° 
per  minute) .  The  specific  capacities  of  typical  Dawson  Group  wells  range 
from  0.02  to  about  0.62  liters  per  second  per  foot  (0.1  to  about  3.0  _ 
gpm/ft).  High  specific  capacities  can  be  expected  only  in  wells  tapping 
thick  sequences  of  sand  or  in  wells  which  are  completed  in  more  ■than  one 
aquifer. 

Hydraulic  conductivity  values  obtained  from  both  aquifer  and  pump 
tests,  and  from  laboratory  tests  performed  on  care  samples  taken  from 
outcrop  areas  range  from  2.9  X  10$  to  57.4  meters  per  day  (O.OOOJ  to 
1400  gfliinns  per  day  per  square  foot).  The  low  values  were  obtained  from 
thoroughly  lithified  and  cemented  conglomerates  and  sandstones  of  the 
various  members.  Fortunately  for  the  well  user,  only  a  very  small  per- 
centage  of  the  Dawson  Group  sandstones  are  so  tightly  cemented.  A 
perly  designed  and  developed  well  in  the  lower  part  of  the  Dawson  Arkose 
or  Arapahoe  Formation  should  normally  produce  from  material  with  K  values 
in  the  range  of  0.82  and  2  meters  per  day  (20-50  gpd/ft  ).  Reliable 
aquifer  and  pump  test  data  indicate  that  the  transmissivity  of  typic 
wells  tapping  the  Arapahoe  and  Denver  Formations  ranges  between  1  and  45 
square  meters  per  day  (80  and  3600  gallons  per  day  per  foot).  The  high 
values  occur  in  wells  tapping  thick  sequences  of  sand.  Values  of  trans¬ 
missivity  of  the  Dawson  Arkose  are  probably  within  the  same  range. 

Values  for  the  coefficient  of  storage  range  from  0.001  to  0,46;  the 
high  values  being  obtained  from  tests  performed  on  outcrop  samples. 

Storage  coefficients  obtained  frcm  aquifer  and  pump  tests  range  from 
0.0001  to  0.09  with  low  and  high  averages  of  0.002  and  0.03  respectively. 
I-enticularity  and  lithification  undoubtedly  markedly  affect  the  value  of 
the  storage  coefficient.  The  specific  yield  or  quantity  of  drainable 
storage  of  the  Dawson  and  Arapahoe  formations  averages  20-25  percent. 

Because  of  the  lack  of  data,  the  aquifer  constants  for  the  Denver 
Formation  have  not  been  conclusively  delineated.  Since  sands  of  the 
Denver  Formation  are  lenticular,  generally  fine-grained,  aid  are  gener¬ 
ally  separated  hy  substantial  clay-shale  sequences  throughout  most  of 

the  basin,  the  aquifer  constants  are  assigned  the  J°ll0Vaw^Ue^nraffp 
hydraulic  conductivity  0.41-0.82  meters  per  day  (10-20  gpd/ft  ),  storage 
coefficient  0.002,  and  specific  yield  10-15  percent. 

Quantity  of  water  available  for  withdrawal.  Based  on  an  estimatea 
specific  yield  of  20  percent  and  recovery  factor  .  of  50>percent  for  the 
Arapahoe  Formation  and  Dawson  Arkose,  and  a  specific  yield  of  ^  Percent 
and  a  recovery  factor  of  50  percent  for  the  Denver  Formation,  the  quan- 
tity  of  water  that  can  be  removed  by  pumping  from  present  storage  is  abou 
145.57  X  lO^  cubic  meters  (118  million  acre-feet) (table  5 )• 
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AQUIFER  INTERREIATIONSHIPS 

Ground  waters  in  the  bedrock  aquifers  are  not  totally  isolated  from  f 
each  other.  On  the  contrary,  they  not  only  possess  a  definite  relation¬ 
ship  but  are  also  in  a  state  of  slow,  definite  flux.  Movement  of  ground 
water  between  aquifers  occurs  by  at  least  four  modes  which  are  listed  and 
discussed  in  the  following  order:  (l)  intermingling  of  formation  waters 
due  to  faulty  or  poorly  designed  wells;  (2)  intermingling  by  water  move¬ 
ment  along  fault  traces;  (3)  intermingling  of  bedrock  and  alluvial  ground 
waters  at  stream  channel-bedrock  interfaces;  and  (4)  the  vertical  percola¬ 
tion  of  ground  water  through  semipermeable  confining  beds . 

Numerous  reports  of  gradual  to  sudden  deterioration  of  water  quality 
from  wells  tapping  the  bedrock'  formations  have  occurred  during  the  past 
and  are  frequently  occurring  during  the  present.  Unfortunately,  the 
reports  are  poorly  documented.  The  data  presented  here  are  based  on  con¬ 
versation  with  a  number  of  well  users,  including  municipalities.  The  evi¬ 
dence  reveals  that  bedrock  aquifers  producing  good  quality  water  can 
become  contaminated  if  the  producing  well  or  other  wells  in  the  area  are 
improperly  designed  or  constructed.  The  contamination,  a  result  of  the 
comingling  of  poor  with  good  quality  water,  occurs  as  a  direct  result  of 
(1)  poor  logging  control,  resulting  in  an  inproper  casing  program;  (2) 
deterioration  of  casing;  (3)  failure  of  or  improperly  designed  seals;  \ 
and  (4)  open  hole  well  construction. 

A  major  contributor  to  the  gradual  deterioraticn  of  water  quality 
in  many  deep  wells  was  the  lack  of  reliable  logging  control  during  the 
time  the  wells  were  drilled.  When  most  of  the  deep  wells  in  the  Denver 
Basin  were  drilled,  they  were  logged  by  a  cursory  examination  of  drill 
cuttings.  Since  the  thickness  of  strata  penetrated  is  so  great  and  the 
lithologic  sequence  is  by  no  means  uniform,  it  is  likely  that  the  charac¬ 
ters  of  many  of  the  zones  penetrated  were  incorrectly  described.  In 
addition,  few  attempts  were  made  to  test  the  quality  of  water  of  indivi¬ 
dual  aquifers  as  they  were  penetrated.  The  net  result  is  the  occurrence 
of  numerous  wells  with  improperly  located  perforated  casing.  The  chances 
of  occurrence  of  such  sources  of  contamination  are  probably  quite  high  in 
wells  designed  to  tap  several  water-bearing  horizons,  especially  if 
water  quality  tests  were  mot  made  before  the  completion  of  the  well.  The 
problems  encountered  by  examining  drill  cuttings  can  be  lessened  by  the 
application  of  geophysical  logging  methods. 

A  second  major  source  of  inter-aquifer  contamination  undoubtedly  is 
the  deterioration  of  casing  material  and  the  failure  of  or  improperly 
designed  seals  either  at  the  well  head  or  within  the  formation.  In  most 
cases,  deterioration  of  casing  and  subsequent  failure  of  seals  is  caused 
by  age  of  the  well  .and  is  difficult  to  remedy.  The  placement  of  an 
improperly  designed  seal  and  casing,  however,  can  be  avoided  by  conscien¬ 
tious  examination  of  drill  cuttings  when  geophysical  methods  are  not  used, 
and  by  the  use  of  high  grade  materials. 

Open  hole  wells  are  the  types  within  which  only  the  uppermost  portion 
of  the  drill  hole  is  cased.  Many  of  the  open  hole  wells  include  a  hundred 
or  more  meters  of  Tineas ed  strata.  The  possibility  for  ground  water  from 
different  strata  to  mix  in  such  wells  is  quite  high.  Although  frequently 
practiced  in  past,  current  State  Engineer  policy  is  to  discourage  epen 
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hole  construction  in  wells  tapping  sedimentary  formations.  Present 
policy  is  to  require  single  aquifer  completion  and  to  require  installa¬ 
tion  of  suitable  seals  to  prevent  the  comingling  of  ground  water  from 
separate  aquifers. 

As  described  by  Hollister  and  Weiner  (1968)  and  Scott  (1970),  the 
Denver  Basin's  sedimentary  rocks  have  been  cut  by  numerous  faults  which 
extend  into  the  Precanibrian  basement.  Current  studies  by  the  U.  S. 
Geological  Survey  have  revealed  that  faulting  might  be  more  widespread 
than  described  in  earlier  publications.  Since  these  faults  extend  into 
Tertiary  and  Quaternary  rocks  and  are  relatively  active,  there  is  a  strong 
possibility  that  certain  fault  traces  act  as  conduits  for  the  passage  of 
ground  water  pollutants. 

The  same  mechanisms  described  in  the  deterioration  of  water  in  an 
open  hole  well  can  generally  be  applied  to  a  well  near  or  on  a  fault 
trace.  The  possibility  that  fault  traces  can  act  as  conduits  for  pollu¬ 
tion  is  suggested  by  numerous  reports  of  the  presence  of  liydrogen  sulfide 
and  methane  gases  in  the  water  of  many  Laramie-Fox  Hills  wells  in  the 
northern  Denver  metro  area. 

All  of  the  gas  and  oil  wells  in  the  Denver  Basin  have  been  shown  to  • 
contain  methane  and  lack  hydrogen  sulfide.  If  a  methane  bearing  strata 
is  connected  to  an  overlying  aquifer  by  means  of  a  fault,  it  is  possible 
that  the  gas  can  migrate  upward  and  permeate  the  aquifer.  The  L-F  aqui¬ 
fer  would'generally  be  the  first  "receptive”  formation  encountered  in  the 
upward  migration  of  the  gas.  If  only  small  quantities  of  methane  were 
present,  it  is  possible  that  most  of  it  would  accumulate  in  the  L-F  aqui¬ 
fer,  with  only  undectable  quantities  passing  upward.  The  hydrogen  sul¬ 
fide  which  has  been  reported  in  many  L-F  wells  is  possibly  the  result  of 
the  action  of  methane  on  sulfates  in  the  preseice  of  anaerobic  bacteria. 
Hem  (1959,  p.  223)  suggests  that  anaerobic  bacteria  can  react  on  many 
other  hydrocarbons  and  produce  hydrogen  sulfide.  While  the  methane  and 
hydrogen  sulfide  can  be  produced  by  the  action  of  anaerobic  bacteria 
and  organic  matter  within  the  L-F  aquifer,  the  fault  offers  a  relatively 
unobstructed  means  of  intermingling  of  aquifer  waters.  The  fault  traces 
along  the  foothills  and  in  the  north  Denver  metro  area  are  the  most  likely 
areas  for  such  3 nt-pmii ngl  i ng  to  occur.  The  degree  of  mixing  are  functions 

of  the  nature  of  the  faults  and  local  ground  water  hydrodynamics. 

v 

The  relationship  between  alluvial  aquifers  and  bedrock  aquifers  has 
been  presented  in  previous  sections  of  this  report.  Of  major  interest 
is  the  effect  of  time  on  the  interplay  of  aquifers  in  the  northeastern 
part  of  the  basin  where  relatively  long  segments  of  the  L-F  aquifer  are 
cut  by  the  alluvial  stream  channels  of  Bijou,  Deer  Trail,  and  Muddy 
Creeks.  Hydrogeologic  evidence  is  divided  between  that  which  indicates 
that  the  L-F  either  discharges  to  the  alluvium  or  accepts  recharge  from 
the  alluvium.  Evidence  presented  by  Kuhn  (1968)  and  Owens  (1971)  suggest 
that  continued  development  pf  the  L-F  aquifer  will  ultimately  result  in 
the  formation  of  aquifer  interrelationships  of  a  measurable  magnitude. 

Interplay  between  the  alluvial  aquifers  and  members  of  the  Dawson 
Group  of  formations  may  occur  where  sandstone  horizons  are  cut  by  streams. 
Movement  of  water  from  the  alluvium  to  the  bedrock  sandstones  requires 
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the  presence  of  unsaturated-permeable  strata  below  the  water  table  of  the 
alluvial  deposits.  Although  the  aquifers  of  the  Dawson  Group  contain  gen¬ 
erally  lenticular  sandstones,  it  is  possible  that  many  of  the  thicke 
aquifer  horizons  are  continuous  on  a  local  basis.  In  loca  xes  w ere^ 
horizons  have  been  extensively  developed  and  are  in  contact  with  saturated 
alluvial  deposits,  the  alluvium  probably  discharges  water  to  the  bedrock 
in  the  same  manner  as  in  the  I-F  aquifer  -  Bijou  alluvium  interrelationship. 

There  are  at  least  5000  more  wells  penetrating  the  Dawson  Group  than 
the  L-F  aquifer.  Furthermore,  the  highest  density  of  the  Dawson  Gr°yP 
wells  occurs  along  the  western  half  of  the  basin  where  many  stream  chan¬ 
nels  occur.  Therefore,  it  is  quite  likely  to  suspect  that  a  < ST&stwa- 
tial  Dawson-aUuvium  interrelationship  exists,  it  does  so  m  th 
half  of  the  basin. 

The  presence  of  confining  beds  in  the  Denver  Basin  does  not  totally 
isolate  the  main  aquifers.  On  the  contrary,  it  has  already  been  stated 
that ‘the  confining  beds  are  actually  semipenaeable 

extent  considerable  quantities  of  water  can  be  transmitted  through  them. 
Bentall  (1963.  p.  Ill)  mentioned  that  the  cone  of  depression  created  by 
heavy  pumping  in  an  artesian  aquifer  might  encompass  billions  of  square 
meters  and  induce  the  leakance  of  a  considerable  quantity  of  water.  It 
is  also  suggested  that  in  some  situations,  veil  discharge  is  a  ce  y 
leakance  through  overlying  semiconf ining  beds  which  can  occur  from  both 
the  overlying  and  the  underlying  semiconf  ining  beds.  Leakance  through 
the  overlying  beds  will  occur  if  they  are  in  turn  overlain  by  water  satu¬ 
rated  strata  which  also  might  he  confined  or  semiconfmed.  When  wate.  is 
withdrawn  from  the  main  aquifer,  a  head  difference  is  produced  between 
the  top  and  bottom  of  the  semiconfining  bed  which  induces  leakage  to  the 
main  aquifer.  Leakance  to  the  pumped  aquifer  from  underlying  and  sou.- 
confined  beds  occurs  because  of  the  establishment  of  spherical  flow  pa 
terns  during  pumping.  Spherical,  three-dimensional  flow  is  a  phenomenon 
which  occurs  in  wells  that  do  not  penetrate  the  entire  aquifer. 

Leakance  is  also  facilitated  by  the  presence  of  lenticular  sand- 
stones  and  sandy  clays  in  all  of  the  beds  which  "confine  the  principal 
aquifers.  Lenticular  horizons  in  the  Dawson  Group  are  locally  so 
numerous  that  leakance  probably  takes  place  quite  readilyl  Indee.,  this 
is  the  basis  for  the  suggestion  that  wells  penetrating  lenticular  hon- 
zons  mny  be  treated  as  partially  penetrating. 

Mrthematical  develocr-nt  of  leaky-aquifer  equations  is  treated  in 
DcWiest  (1965,  pp.  271-2S6. ,  Bentall  (1963,  pp.  C48-C55)  andFerTis,  e*  aa-*» 
(196°  pp.  110-118)  to  name  hut  three  references.  The  methods  stress  the 
need  of  scientifically  conducted  aquifer  tests  with  one  or  more  observation 
wells  and  the  passage  of  enough  time  to  allow  for  the  drawdown  in  the  ob¬ 
servation  wells  to  show  a  derivation  from  the  nonequilibrium  (nonleaky) 

type  curve. 

The  mushrooming  interest  in  the  bedrock  aquifers  ofthe  DenverBasin 
has  created  and  will  continue  to  create  numerous  administrative  problems. 
Since  the  effective  administration  of  the  bedrock  aquifers  requires  a 
source  of  scientific  data  upon  which  to  base  decisions,  well  designed 
aquifer  tests  should  he  conducted  at  every  opportunity. 
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POTENTIOMETRIC  SURFACES 

The  elevation  to  which  water  will  rise  in  artesian  wells  defines  the 
potentiometric  surface.  Lines  drawn  between  points  of  equal  elevation 
constitute  a  potenticmetric  surface  map. 

Although  the  potentiometric  surface  of  the  Fountain  and  Lyons  Forma¬ 
tions  and  the  Dakota  Group  were  not  determined,  they  can  be  easily  visual¬ 
ized.  Each  surface  dips' eastward  away  from  the  outcrop  area  at  angles 
somewhat  smaller  than  the  dips  of  their  parent  aquifers.  Near  the  bottom 
of  the  Fountain -Lyons  -Lykins  strike  valley  and  0.8  kilometer  (one-half 
mile)  or  more  east  of  the  Dakota  hogback,  the  potentiometric  surfaces 
locally  extend  above  the  land  surface  (fig.  6,  page  32).  Several  wells 
were  reported  to  flow  in  such  areas  shortly  after  they  were  drilled. 

Since  many  of  the  wells  penetrating  the  Fountain,  Iyons  and  Dakota  Forma¬ 
tions  are  several  years  old,  it  is  possible  that  the  potentiometric  sur¬ 
faces  have  experienced  local  declines.  This  possibility  will  be  examined 
as  part  of  the  continuing  study  program  for  the  Denver  Basin. 


Plate  8  illustrates  the  approximate  configuration  of  the  potentio¬ 
metric  surface  of  the  Laramie-Fox  Hills  aquifer  for  1975*  As  stated  in 
the  L-F  section  of  this  report,  the  overall  or  regional  movement  of  water, 
except  for  local  anomalies,  is  from  south  to  north.  The  L-F  potentio- 
metric  surface  evidently  is  in  a  state  of  flux.  Evidence  indicates  that 
large  cones  of  depression  have  developed  in  areas  with  high  well  densi  xes 
in  the  L-F  aquifer.  Most  of  the  wells  tapping  the  L-F  aquifer  are  near 
population  centers  (Denver,  Colorado  Springs  and  Byers -Deer  Trail  for 
example)  and  along  the  South  Platte  River  Valley  downstream^ from  Metro-  . 
poll  tan  Denver.  The  cones  of  depression  will  increase  in  size  with  passing 
time  and  continuing  withdrawals  of  water  from  the  L-F  aquifer.  Exten  ing 
fax  heyond  their  present  limits,  the  cones  might  eventually  be  of  such 
magnitude  that  water  production  from  the  L-F  aquifer  in  distant  areas  will 
be  seriously  affected.  Water  level  measurements  of  several  L-F  wells  in 
the  Denver-Metro  area  indicate  that  through  the  middle  1960's  the  poten¬ 
tiometric  surface  of  the  aquifer  has  declined  locally  at  rates  ranging 
from  1  to  4  meters  (about  3  to  13  feet)  per  year.  During  the  last  six 
years,  rates  of  decline  have  changed  depending  "upon  the  availability  01 
surface  water  supplies  and  population-economy  trends.  Current  local  rates 
of  decline  of  the  L-F  potentiometric  surface  in  the  Denver  area  range  from 
about  0-3  meters  (0-10  feet)  per  year.  Water-level  measurements  erf  L-F 
wells  in  the  Brighton  area  show  declines  as  high  as  15  meters  (50  feet; 
per  year  to  less  than  3  meters  (10  feet)  per  year.  Spring  1974  measure¬ 
ments  indicate  a  trend  of  local  recovery  (fig.  9).  Since  the  area  is 
currently  experiencing  local  reorientation  from  agricultural  to  Indus- 
trialized  and  subiirbanized  ccannninities,  it  is  suspected  that  the  long- 
term  water  level  trend  will  be  a  decline.  The  L-F  water  leva  decline  in 
the  north-central  rural  areas  of  the  basin  ranges  from  about  1  to  6  meters 
(3  to  20  feet)  per  year*  The  long  tern  trend  in  the  extreme  eastern  ana 
southeastern  part  of  the  basin  has  not  been  established.  Based  on  trends 
in  other  areas  ana  on  data  from  the  town  wells  of  Byers  and  Deer  Trail, 
the  rate  of  decline  is  assumed  to  range  between  0.3  and  1.5  meters  (1  urt 
5  feet)  per  year.  Evidence  from  the  Colorado  Springs  area  indicates  that 
water  level  declines  of  at  least  1  meter  per  year  are  common.  Slight 
water-leva  recovery  in  some  wells  during  the  winter  of  1973  might  have 
been  a  resat  of  reduced  ground-water  withdrawals  -  precipitation  during 


1973  was  abnormally  high  in  many  regions  throughout  the  state. 

The  configuration  of  the  potentiometric  surfaces  of  the  members  of 
the  Dawson  Group  of  formations  will  he  determined  during  the  course  of 
continuing  phases  of  the  Denver  Basin  investigation.  In  these  investi¬ 
gations,  the  most  reliable  Arapahoe-Denver-Dawson  well  log  data  will  be 
used  to  construct  the  maps.  An  inherent  problem  in  constructing  the 
maps  will  involve  choosing  data  from  wells  which  have  been  shown  to  tap 
only  a  specific  member  of  the  group.  New  wells  permitted  to  tap  a  bed¬ 
rock  formation  will  be  restricted  to  one  major  water-bearing  horizon. 

If  a  composite  potentiometric  surface  map  of  the  Dawson  Group  would 
be  constructed,  it  will  possibly  very  closely  resemble  the  potentio- 
metric  surface  map  of  the  L-F  aquifer  (pi.  8) .  Major  differences  will 
involve  (l)  the  general  elevation  of  potentiometric  contours  with 
respect  to  sea  level,  and  (2)  the  "size"  of  cones  of  depression  which 
have  probably  developed  in  heavily  pumped  areas. 

Unlike  the  potentiometric  surface  of  the  L-F  aquifer,  large  segments 
of  the  composite  potentiometric  surface  of  the  Dawson  Group  probably  no 
longer  extend  above  the  land  surface.  Most  of  the  wells  which  used  to 
flow  now  must  be  pumped  and  there  is  limited  evidence  indicating 
that  waters  from  the  Dawson  aquifers  discharge  into  the  alluvium.  Because 
of  its  length  of  use  as  an  aquifer  and  of  its  generally  widespread  devel¬ 
opment,  the  composite  potentiometric  surface  of  the  Dawson  Group  has 
experienced  very  large  local  declines.  In  the  metropolitan  area,  water 
from  the  Dawson  Group  has  been  utilized  since  1883  -  L-F  aquifer  was 
first  utilized  in  the  late  1920's.  In  addition,  well  records  reveal  that 
in  the  metropolitan  area,  the  cumulative  registered  discharge  rate  per 
township  of  wells  penetrating  the  Dawson  Group  range  between  130  and  380 
liters  per  second  (2,000  and  6,000  gallons  per  minute)  (pi.  ll).  Emmons 
(1896,  p.  U03)  and  McLaughlin  (1955,  p.  60,  R.M.A.G.  Guidebook)  submit 
data  from  two  time  periods  that  show  how  the  rapid  development  from 
1890  to  1954  affected  the  local  artesian  head.  In  1883,  the  head  was 
about  6l  meters  (200  feet)  above  the  land  surface  and  in  1954  the  head 
was  locally  137  meters  (450  feet)  below  the  land  surface  -  a  total 
decline  of  about  200  meters  (650  feet). 


CHE?-. .'CAL  QUALITY  OF  THE  GROUND  WATER 


Dissolved  mineral  matter  in  ground  water  is  derived  from  soluble 
mi np-r-al s  in  the  atmosphere ,  soil  and  rocks  through  which  the  water  moves. 
Initially,  as  rain  falls  through  the  atmosphere  it  contains  very  small 
quantities  of  dissolved  minerals  but  does  contain  dissolved  atmospheric 
gases.  When  the  rain  water  penetrates  the  earth's  surface  and  percolates 
downward,  it  dissolves  the  more  soluble  minerals.  The  amount  and  kind  of 
mineral  matter  dissolved  by  the  water  depends  upon  the  chemical  composi¬ 
tion  and  physical  nature  of  the  rocks  with  which  the  water  cones  in  con¬ 
tact,  the  temperature,  pressxire,  and  duration  of  contact..  In  addition, 
human  influence  such  as  oil  said  water  well  drilling  activities  and  waste 
injection  to  name  a  few,  may  greatly  affect  the  type  and  amount  of 
dissolved  mineral  matter  in  ground  water. 

The  general  chemical  quality  of  the  ground  water  in  the  Denver  Basin's 
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Water  level,  in  feet  below  land  surface 
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S»“S:  lo^tffi  S  various^  chemical  =— * 
S  given  in  table  &  and  B  in  *rts  P«r  g^f^- 

concentration  is  expressed  in  pH  unit  .  P  indicate  basic 

cate  acidic  solutions  whereas  pH  values  Mgh^tha  7  i  al  reactions 

solutions.  The  pH  of  natural  water  is  controlled  y 
and  equilibrium  among  the  ions  in  solution. 


CHEMICAL  COMPOSITION  AND  MINERALIZATION 


Chemical  erases  of  f f^chSS  co^iUon 
indicate  that  the  degree  of  mineral  t  conseritrations  of  sodium 
of  the  water  vary  widely.  Forexampi  j  chloride 

ranged  from  6  to  1000  ppm,  sulfate  f ran  0  to  igo  pp  ^  from 

from  0.5  to  45*  SP*i  the  specific  ^  U  to  3680 

64  to  5040  micromhos  per  centimes,  cg5tituents  mithin  indi- 

PE-.  The  relatively  peat  g^^Sical  cmposition 

vidual  formations  might  be  due  to  th  aquifers,  or 

of  the  aquifer  material,  intrusion  of  water  f: rom  otner  aqui  , 
cheScal  contamination  from  either  man-made  or  natural  ca  . 

Most  of  the  sables  were  obtained  X^sIn^SIin 

gSEST*  XsS  ^Sed  on  tap  mater  from  several  sm^l  videly 

scattered  communities. 

Analyses  of  mater  from  the  Dam  5? 

the  least  mineralized  °T  *  ^present  due  to  lack  of  data;  the 

to  Dawson  Arkose  water  is  WMriinmte  The  presence  of  H2S 

S^f^DaSo^kose^Sls  (taSTfi-B)  is  possibly  due^the^reduc- 
tion  of  sulfate  by  hydrogen  released  th£oijb  ^rticular°wells  axe  thought 

5S1S-  rM  state  Engineer's 

records . 

Radiochemical  analyses  of  mater  5  particular 

(table  6-C)  indicate  ttepresencetfr  22i,  therefore,  the 

concern  became  radon  222  3i£ Indfboth  radium  226  end  radon  222 

presence  of  radium  226  isimgiM,  ^  lnaicates  the  presence 

tsc: s^rthfS"' 

^Sls^MtivrSerlls  mithin  the  strata  of  the  Damson 

/ly)CQSfi  • 

water  from  the 

content.  Test  data  indicates  t  The  relati0n  between  specific 

sodium  sulfate  type  waters  are  Pr®^‘  solids  is  shown  in  figure 

conductance  to  the  concentratao  h  estimate  of  the  dissolved 

10.  Figure  10  can  he  used  to  °bt!£  F^mation  in  the  greater  Denver 
solids  content  of  water  from  the  Denver  Formation  in  we  g 
metropolitan  area  when  specific  conductance  data  are  avaiiaoxe. 
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Dissolved  solids  concentration  in  parts  per  million 


The  relation  of  concentrations  of  principal  cations  and  anions  to 
specific  conductance  is  shown  on  figures  11  and  12.  The  calcium  and 
magnesium  curves  of  figure  11  and  indefinite  as  the  few  data  points 
available  are  widely  distributed.  The  trend  of  the  relationship  between 
specific  conductance  and  sodium  concentration  clearly  indicates  that  high 
conductance  is  indicative  of  high  sodium  content.  Comparison  of  the  cal¬ 
cium,  magnesium  and  sodium  curves  suggests  that  like  sodium,  the  concen¬ 
trations  of  calcium  and  magnesium  increase  appreciably  when  conductance 
exceeds  1,000  micromhos  per  cm. 

Figure  12  shows  that  the  relation  between  conductance  and  bicarbon¬ 
ate  concentration  is  indefinite.  The  data  points  on  the  lower  right  part 
of  the  bicarbonate  graph  were  obtained  from  wells  which  are  relatively 
shallow  and  lie  near  the  indefinite  boundary  between  the  Arapahoe  and 
Denver  Formations.  Until  better  data  is  obtained,  it  is  suggested  that 
the  curve  tentatively  follows  the  dashed  line.  As  of  this  writing,  no 
definite  relationship  between  bicarbonate  concentration  and  distance 
from  the  outcrop  area  has*  been  established.  The  sulfate  and  chloride 
curves  indicate  that  high  conductance  relate  to  high  concentrations  of 
each  anion.  It  should  be  noted  that  several  of  the  wells  containing  high 
sulfate  concentration  are  located  relatively  near  the  indefinite  Arapahoe- 
Denver  boundary. 

Available  information  indicates  that  most  of  the  water  of  the  Denver 
Formation  with  high  conductance  and  high  TK3  occurs  north  of  Township 
3  South.  The  reason  for  this  might  be  the  disproportionate  number  of 
sample  sites  in  northern  Denver  metro  area.  However,  it  is  also  possible 
that  the  water  quality  in  this  area  is  lower  because  of  either  natural 
geologic  phenomena  or  because  of  the  influx  of  human  contamination  from 
surface  sources. 

Hydrogen  sulfide  gas  has  been  reported  in  several  wells  which  tap 
the  Denver  Formation  (table  6-B).  Its  presence  is  probably  due  to  the 
decay  of  organic  matter  in  the  presence  of  bacteria  within  the  immediate 
vicinity  of  the  well.  Radiochemical  analyses  of  water  from  the  Denver 
Formation  indicate  local  presence  of  radium,  radon,  thorium  and  uranium 
(table  6-C). 

O 

Analyses  indicate  that  water  from  the  Arapahoe  Formation  also 
exhibits  relatively  low  mineralization.  The  total  dissolved  solids 
content  ranges  from  about  150  to  1200  ppm  with  approximately  70  percent 
of  the  samples  containing  about  250  ppm  or  less  total  dissolved  solids. 
Figure  13  shows  the  relation  between  specific  conductance  and  TDS.  The 
trend  of  the  plots  is  quite  regular,  hence  the  figure  can  be  used  to 
estimate  TDS  of  Arapahoe  Fornation  water  when  conductance  data  are 
available. 

The  relation  between  specific  conductance  and  concentration  of 
principal  anions  and  cations  within  water  of  the  Arapahoe  Formation  is 
shown  in  figures  l4  and  15.  The  relation  between  concentrations  and 
principal  anions  and  specific  conductance  is  not  clearly  defined  although 
there  appears  to  be  a  general  trend  of  increasing  anion  concentration 
with  increasing  conductance.  A  large  part  of  the  scattering  of  the  data 
points  are  possibly  a  result  of  multi-aquifer  completion  and/or  contamina' 
tion  resulting  from  deterioration  of  well  casings- and  seals. 
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Figure  11.  Graph  showing  relation  of  specific  conductance  to 

principal  cations  for  water  from  the  Denver  Formation 
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Figure  12.  Graph  showing  relation  of  specific  conductance  to 

principal  anions  for  water  from  the  Denver  Formation. 
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Dissolved  solids  concentration  in  parts  per  million 
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Figure  13. 


Graph  showing  relation  of  specific  conductance 
to  dissolved  solids  for  water  from  the  Arapahoe 
Formation 
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Figure  14  •  Graph  showing  relation  of  specific  conductance 
principal  cations  for  water  from  the  Arapahoe 
Formation 
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conductance  in  micromhos  per  centimeter  at  25*C 


Figure  l6  shows  the  "vaguely  defined  relation  of  bicarbonate 
concentration  to  distance  from  the  outcrop  or  subcrop.  The  distances 
plotted  are  at  best  approximate  but  the  trend  shows  how  bicarbonate 
concentration  decreases  with  increasing  distance  from  the  outcrpp- 
recharge  area.  The  term  outcrop-recharge  is  used  to  distinguish 
recharge  which  percolates  into  the  formation  at  the  outcrop  areas  from 
that  which  possibly  percolates  into  the  formation  from  overLying  strata. 

Available  test  data  indicate  that  water  from  the  Laramie-Fox  Hills 
aquifer  is  more  heavily  mineralized  than  that  from  the  other  principal 
bedrock  aquifers.  Total  dissolved  sdLids  content  ranges  from  about  300 
ppm  to  about  3,700  ppm.  Approximately  70  percent  of  the  data  lie  within 
the  range  of  450  to  900  ppm  IDS.  Figure  17  shows  the  relation  of  speci¬ 
fic  conductance  to  TDS  for  the  L-F  aquifer.  Because  sodium  is  the 
principal  cation  ana  bicarbonate  the  principal  anion,  Laramie-Fox  Hills 
vater  is  classed  as  the  sodium  bicarbonate  type.  The  relation  of  con¬ 
centration  of  principal  anions  and  cations  to  specific  conductance  is 
shown  in  figures  18' and  19. 

Other  constituents  of  particular  interest  include  iron,  fluoride, 
ana  hydrogen  sulfide.  Figure  20  shows  the  relation  of  iron  and  fluoride 
to  specific  conductance  and  table  6-B  lists  U.  S.  Geological  Survey 
data  on  wells  reported  to  contain  hydrogen  sulfide  at  the  time  of  their 
investigation.  Iron  content  ranges  from  0.5  ppm  to  about  5  ppm.  Iron 
content  appears  to  increase  appreciably  above  a  specific  conductance  of 
about  1,500  micromhos  per  cm.  Fluoride  data  points  are  widely  scattered 
and  form  only  a  very  general  trend.  The  trend  is  shown  as  a  cross  hatched 
area.  Table  6-C  lists  the  results  of  U.  S.  Geological  Survey  radiochemi¬ 
cal  analyses  of  five  samples  of  L-F  water. 

Available  analyses  indicate  that  water  from  the  South  Platte  Member 
of  the  Dakota  Group  is  the  least  mineralized  of  all  the  waters  tested. 

The  range  of  TDS  is  from  about  100  to  200  ppm  while  bicarbonate  varies 
from  about  80  to  150  ppm.  Other  constituents  occur  in  concentrations 
predominantly  less  than  50  ppm.  Figure  21  shows  the  relation  of  the 
principal  cations  and  anions  to  specific  conductance  and  table  6-C  lists 
the  wells  which  were  examined  for  radioactive  substances  by  U.  S.  Geo¬ 
logical  Survey  personnel. 

Although  only  five  analyses  are  available,  the  indication  is  that 
water  from  the  Iyons  and  Fountain  Formation  is  of  the  same  general  quality 
as  that  of  the  Dakota.  With  one  exception  (see  table  6-A  under  Fountain 
Formation),  the  concentration  of  cations  and  anions  is  low.  Figure  22 
shews  the  relation  of  concentrations  of  cations  and  anions  in  the  Foun¬ 
tain  and  Lyons  aquifers  to  specific  conductance.  The  highest  TDS ,  cal¬ 
cium,  magnesium,  sodium,  iron,  fluoride,  bicarbonate,  sulfate,  and 
chloride  concentrations  and  conductance  occurred  in  an  crpen-hole  weU.. 
Although  only  one  aquifer  is  tapped,  the  abnormally  high  concentration 
of  dissolved  solids  strongly  suggests  contamination  from  sources  other 
than  the  Fountain  Formation. 

Water  quality  analyses  of  several  wells  which  tap  the  Precambrian 
basement  rocks  along  the  foothills  is  included  in  table  6-A. 
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Figure  18.  Graph  showing  relation  of  specific  conductance  to 
principal  cations  for  water  from  the  L-F  aquifer 


(71) 


Specific  conductance  in  micromhos  per  centimeter  at  25»C 


250 


uojiijui  jad  sjjdj 


(73) 


Figure  21.  Graph  showing  relation  of  specific  conductance 
principal  cations  and  anions  for  water  from  the 
Dakota  Group 


Specific  conductance  in  micromhos  per  centimeter  at  25’C 


Fiaure  22.  Graph  showing  relation  of  specific  conductance 
9  to  principal  cations  and  anions  for  water  from 

the  Fountain  and  Lyons  Formations.  Sy™®1**  . 
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<b9  sulfate;  +  ,ch1oride. 


SDEEftBIUTr  AND  OTIL3ZAII0N  CF  THE  GROUND  WATER 

It  is  now  recognized  that  the  economic  utilization  of  water  f or .most 
purposes  to  a  large  extent  depends  upon  the  chemical  composition  of  the 
water.  The  quality  required  of  a  ground  water  supply  depends  upon  i 
proposed  purpose.  If  the  requirements  of  the  raw  water  are  not  met,  the 
water  can  usually  he  treated  to  meet  the  requirements. 


Public  Supply  and  Domestic  Use 

The  U.  S.  Public  Health  Service  (1962)  established  ^ty  require¬ 
ments  for  water  used  for  drinking  and  culinary  purposes.  The  standards 
are  not  compulsory  for  water  that  is  used  locally  but  they  do  act  as  a 
measure  ofUStability  of  water  for  domestic  use.  The  standards  for  the 
major  chemical  contaminants  axe: 


Constituents  •  Max,  concentration  in 

Iron  (Fe) 

Manganese  (Mn)  '  5 

Calcium  (Ca)  * 

Magnesium  (Mg)  „  ' 

Sulfate  (SOM 

Chloride  (Cl)  c 

Fluoride  (f)  k±° 

?“fte,g3>  10-200 

ESSiSMr) 

Bicarbonate  (HCO3)  15^ 

Copper  (Cu)  ^ 

Hydrogen  sulfide  (H2S)  roo  1000 

Dissolved  solids  (TDS)  500-1000 

In  this  paper  hardness,  expressed  as  an  equivalent,  quantity  of  cal¬ 
cium  carbonate  in  ppm,  is  generally  referred  to  by  the  following  classs  - 

fication: 


Hardness 

6'0 

60-120 

121-200 


Class 

Soft 

Moderately  hard 


Very  hard 


Suitability 

Suitable  for  most  uses 
Usable  except  in  same 
industrial  applications 
Softening  required  by 
laundries  and  sene 
other  industries 
Softening  required 
for  many  uses 


Among  the  many  physical  properties  of  water  which  must  be  investiga¬ 
ted  is  radioactivity.  The  effects  of  radiation  are  viewed  as  Mrmf^and 
any  unnecessary  exposure  to  radiation  should  be  avoided.  Radioactivity 
in  water  is  especially  significant  to  human  health,  not  only  through 
direct  consumption  of  water,  but  also  through  the  ingestion  rf  agricul¬ 
tural  products  and  livestock  that  have  accumulated  radioactivity 
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(McKee,  J.E.  end  Wolf,  H.  W.,  p.  343). 


Ground  water  nay  acquire  radlwtlwl^a^ 

"SS  “8^^a1 ESSTdSSSS. *2  £.  *p« 

disposed  waste  jSSSts  iron  the  atomic  sMch 

radioisotopes  and  fertilizer  leachate  •  ^yP  ^  Viofa  raTticles,  gamma 

encountered  in  pcOiuted  water  are  alpha  and  beta  articles,  gamma 

rays  and  neutrons . 

Alpha  and  beta  emitters  are  particularly  temrdousto  watered 
food  products  because  they  can  become  P  rticular 

tissues  such  as  hones  or  organs.  „A ^  aLghtSs,  thorium 
importance  to  the  ^  ^12  iSatioA  on  the 

232,  uranium  238,  and  plmtonium  239.  “““Serred  to  McKee  and 
health  hazards  of  radionuclides ,  the  reader  ,  0*17. 

Wolff  (1963,  PP.  343-354)  and  Friedlander  and  Kennedy  (1962,  PP- . 

219).  * 

RVL  of  the  -waters  of  the  Denver  Basin  bedrock  aquifers  have  been 

S2**  beingCponuted 

from  surface  sources. 

Dawson  Group.  Analyses  of  water  from  the  Dawson  A^^se^indicate 
that  rads  *-}%•»•.-«  -5 
potential  well  user  should  examine  towson 

of  Castle  Rock  is  obtained  from  the  Dawson  Arkose. 

Water  from  the  Denver  Fonnation  is  predominantly  soft  although  the 

SS^iTSSr'SSSS /XS 

amnestic  use  particularly  in  those  areas  where  the  water-producing 

S  eicess  S  150  meters  (500  feet)  helow  the  ground  surface. 

Mater  from  the  Ara^c*  Po«ti^  cen  ^'^s’aS'Sf  Sral 

-  a- 

Most  of  the  water  receive  softeninr  and  odor  control  are 

tion  for  safety  purposes^  ^cautions  should  be  exer- 

SS'SS  iMSSii  ^  of  t?ePDenur 

traces  might  permit  the  comingling  of  poor  quality  with  g  <L  Y 

water. 


(76) 


,  vox  mum  nguifer,  ■»  W  •**%. 

“S&S^S^SSSSfB. 

SSs&A'c&^JS'Ju.sfS 

£f5£l  geologic  “"^rcoatSoaSo  ^e  be 

S“S=HErS^*£ 

many  L-P  wells  axe  Many  small  ccmmuiaties  and  n 

r«  Of  the  40  "f  X  ^  teeeted 

private  users  of  L-P  water  xor  u  purposes  and  a  rew  «« 

A.  few  supplies  arecUOT^®  sedimentation  and  filtration. 

for  odor,  taste,  coagula  >  +er  from  the 

Pre  Hills  aquifer.  gS^fcfffoeSqualiti es  that 

Dakota  Group,  are  predominantly  soft^^ 

meet  most  drinking  standards.  Tn  concentrations  of  ir^»  d 

ST3S  SES^jT ^S5*S-*«S  " » I"“- 

residual  oil  to. '“ST-JtaS!  *  7)’ 

tein  tomation  (McConaghy  „edominantly  moder- 

'  _  th.  oreeambrian  basement  c«®i  alp  drinking 

mteiy  »«S  Sn^iaation  concentrates  that  meet 
^.andards . 


Industrial  and  Agricultural  Uses  n  „ver  Basin's  bedrock 

gbout  19  percent  -  25-i£«^*--  of 

S5£S? rss«-2i  -S^SSS1 if 

^JSSMSTS* ITS*  range,  «.  •Jg^STSf.S  deal  in 

of  ^general  nature  .S"CP0tenUallndustrial  “£‘«e  referredto 

va*«  regnire^ata  to  4esl6ned  f  „  that 

indStrio*!  uses  men- 
"tT^i^ornia  State  Water  . 

sssrsJ^*^  -  ^ 

-  in  «.  ttrSgScTof  mens  and  garden  crops 

WSZ2£T«~-*- "•  y-i-ty  toierances  of  the 

Water  consumed  by  ^vest?ck^SJ^eJat?'f«  human  consumption. 

same  order  as  those  relf-ting  to  ^^k  ng^ .  c  tolerance  are^sgr  ^ 

rrer-^FS^  ss»s* 

“4 

< _ \ 


TABLE  7*  Suggested  water  quality  tolerancas  for  industrial  uses 


|i| 

2  jsS 
~  • 

3  s’0 

3  •  2 
tr  ®  c 

<£  O  « 

w  s  • 

■g*S 
•  5  g 

I  *i  r 

rill 
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Total  dissolved  solids  standards  in  use  in  western  Australia  and 
conmonly  accepted  in  this  country  are  (Hem)  1959*  P*  24l): 


Animal 


Suggested  tolerance  (ppm) 


Poultry 

Pigs 

Horses  . 
Cattle  (dairy) 
Cattle  (beef) 
Adult  Sheep 


2860 

4290 

6435 

7150 

10,000 

12,900 


Water  used  for  the  irrigation  of  lavras  and  garden  crops  should  be 
of  such  quality  that  it  will  not  adversely  affect  the  growth  of  the 
plants  irrigated  and  the  productivity  of  the  land  to  which  it  is  applied. 
Although  certain  mineralogical  properties  of  the  water  are  important  in 
promoting  plant  growth  and  soil  productivity,  several  constituents  have 
been  shown  to  be  detrimental  when  they  exceed  certain  maximum  concentra¬ 
tions. 

These  properties  are  the  concentration  of  the  total  dissolved  solids, 
the  relative  proportion  of  sodium  to  calcium  and  magnesium,  the  concen¬ 
tration  of  boron  or  other  elements  that  might  be  toxic  to  certain  plants, 
and  for  some  water  the  concentration  of  bicarbonate  in  excess  of  the  con¬ 
centrations  of  calcium  and  magnesium  (Smith  and  others,  1964,  p.  100). 


Dawson  Group.  Existing  water  quality  data  on  the  Dawson  Arkose 
dicate  the  water  is  probably  moderately  hard  and  only  slightly  mineral- 
,ed.  It  meets  the  standards  required  for  all  industrial  and  agricultural 
purposes. 

Water  from  the  Arapahoe  Pormtion  meets  most  industrial  standards  of 
particular  interest  in  the  Denver  Basin.  Users  of  Arapahoe  water  for 
boiler  feed  purposes  should  note  that  the  predominant  range  of  silica 
(SiOp)  in  the  water  limits  boiler  pressure  to  about  21  kilograms  per 
square  centimeter  (300  psi).  Water  intended  for  high  pressure  boilers 
will  generally  require  treatment.  Other  than  relatively  high  concentra¬ 
tions  of  bicarbonate,  water  from  the  Arapahoe  Formation  should  meet  all 
agricultural  requirements. 

Tj>-rami  e-Fox  Hills  aquifer.  Except  where  high  temperatures ,  high 
concentration  of  iron,  bicarbonate,,  sulfate,  fluoride  and  hydrogen  sulfide 
occur,  water  from  the  L-F  aquifer  meets  most  requirements  for  local  indus¬ 
tries.  Except  for  moderate  concentrations  of  bicarbonate,  L-F  water  is 
suitable  for  most  agricultural  purposes. 

pre-Irar”™-* e-Fox  wills  aquifers.  The  few  analyses  of  water  from  the 
Dakota  group.  Fountain  and  Lyons  aquifers  indicate  qualities  sufficient 
to  meet  most  industrial  and  agricultural  standards.  The  chemical  con- 
stituents  which  might  cause  minor,  but  solvable  problems  are  locally  high 
concentrations  of  iron,  sodium,  bicarbonate,  sulfate  and  chloride. 
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ROCKY  MOUNTAIN  ARSENAL  DISPOSAL  WELL 


The  effects  of  percolation  of  industrial  wastes  through  the  soil 
rcnrvfci  e  at  the  Rocky  Mountain  Arsenal  are  well  documented.  The  shallow 
ground  water  reservoir  in  a  several  square  mile  area  down  gradient,  from 
unlined  holding  ponds  is  seriously  contaminated. 


The  possibility  that  the  deep  disposal  well  at  the  arsenal  could  be 
the  origin  of  localized  contamination  of  certain  Denver  Basin  bedrock 
aquifers  is  slight.  Wastes  injected  into  the  3671  meter  (12,045  feet)  well 
were  placed  into  Precambrian  basement  rocks.  The  seals  in  the  well  were 
designed  and  installed  to  prevent  leakage  of  contaminants  from  the  injec¬ 
tion  level  into  other  aquifers.  The  well  is  no  longer  used  for  injection 
of  wastes. 


The  possibility  that  contamination,  however  slight,  might  occur  in 
aquifers  overlying  the  injection  level  is  associated  with  regional  struc¬ 
tural  features.  It  is  known  that  the  region  in  the  northern  and  north¬ 
western  part  of  the  Denver  Basin  project  area  is  highly  faulted.  These 
faults  are  known  to  extend  into  the  upper  Cretaceous  sedimentary  rocks. 

The  actual  extent  of  the  faults  and  the  nature  of  individual  fault  traces, 
however,  is  unknown.  It  has  been  previously  suggested  that  geologic  forma¬ 
tions  in  a  structurally  disturbed  area  may  be  hydraulically  connected  by 
faults.  Even  though  the  fault  traces  between  the  Precambrian  and  overly¬ 
ing  aquifers  might  be  sealed  too  tightly  to  permit  upward  percolation  of 
contaminating  solutions,  the  presence  of  an  extensive  volume  of  toxic 
material  in  the  basement  rocks  underlying  the  northeast  Denver-metro  area 
cannot  be  ignored,  particularly  by  future  generations. 


HISTORIC  DEVELOPMENT  OF  THE 
DENVER  BASIN  BEDROCK  AQUIFERS 

The  following  narrative  briefly  describes  the  historical  development 
of  the  bedrock  aquifers.  Information  regarding  historical  withdrawals 
of  water  from  the  aquifers  for  municipal  purposes  was  obtained  through 
the  cooperation  of  water  supply  agency  personnel  and  town  managers. 
Historical  data  for  most  of  the  bedrock  water  users  in  the  basin  are 
lacking.  The  data  presented  in  this  report  are  designed  to  show  the^ 
trend  of  increasing  water  demand  that  is  beginning  to  occur  throughout 
the  entire  Denver  Basin. 

Because  they  have  been  developed  to  a  limited  extent,  the  Fountain 
and  Lyons  aquifers  and  Dakota  Group  have  not  been  treated  here.  It  is 
suggested  that  these  aquifers  should  be  developed  with  caution. 


HISTORIC  DEVELOPMENT  OF  THE  DAWSON  GROUP 

first  bedrock  formations  to  receive  attention  as  sources  of  arte¬ 
sian  water  were  the  Denver  and  Arapahoe.  The  Arapahoe  Formation  was 

STa  patent  source  of  srtesian  voter  in  1883  after  a  nan 
vho  vas  horing  for  coal  near  the  first  St*  Lukes  Hospital  (near  the  inter 
section  of  Speer  and  Federal  Boulevards)  struck  a  large  volume  of  voter 
(SS  «d  others,  IB96,  p.  >tOe,  U03).  By  1895,  over  400  artesian  veils 
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vere  in  operation  in  the  greater  metropolitan  area.  Well  depths  gener¬ 
ally  ranged  from  122  to  244  meters  (100  to  800  feet).  By  the  turn  of  the 
entury,  nany  of  the  artesian  veils  stopped  flowing  and  pumps  had  to  be 
.ns tailed.  During  the  early  1900's,  the  vise  of  artesian  water  in  the 
Denver  metropolitan  area  experienced  a  decline  as  more  surface  water  sup¬ 
plies  became  available. 

A  few  bedrock  wells  drilled  on  farms  and  ranches  in  the  country  did 
not  experience  a  substantial  decrease  in  water  level  during  this  period. 
These  wells  had  low  discharges  andvere  widely  scattered.  Since  water  from 
the  alluvium  of  small  stream  systems  furnished  most  of  the  water  require¬ 
ments,  only  those  farms  m3  ranches  which  might  have  been  in  part  or  totally 
isolated  from  shallow  ground  water  systems  had  wells  extending  to  the  bed¬ 
rock  aquifers. 

During  the  1940’s  and  1950's,  the  Dawson  Arkose  and  the  Denver  and 
Arapahoe  Formations  received  extensive  development  as  a  source  of  water 
for  fit  large  number  of  industries,  commercial  businesses,  and  individual 
domestic  supplies  in  suburban  areas,  as  well  as  for  several  municipal 
water  supplies.  During  this  period,  communities  such  as  Arvada,  Castle 
Rock,  Monument,  Strasburg  ana  Westminster  became  dependent  upon  members 
of  the  Dawson  Group  for  either  part  or  all  of  their  water  supplies. 

Suburbanization  in  the  Denver  metro  area  continued  into  the  1970 's. 
Throughout  the  entire  period,  the  demand  for  more  water  has  increased  pro¬ 
portionately.  The  recently  instituted  Blue  River  (Denver)  and  Homestake 
(Aurora)  projects  have  provided  substantial  quantities  of  excellent 
lality,  low  cost  water  to  the  metro  area.  The  result  has  been  localized 
eductions  in  the  withdrawals  of  Dawson  Group  water  hy  several  municipali- 
ties,  businesses  of  various  types>  domestic  users.  Figure  23  shows 
graphically  the  development  of  the  quantity  of  water  withdrawn  from  shallow 
wells  hy  the  City  of  Aurora  during  the  period  1956-1971.  The  marked  reduc¬ 
tion  of  ground  water  withdrawals  after  1966  is  due  to  the  availability  of 
water  from  the  Homestake  Project  which  diverts  water  from  the  Sawatch  Range 
northwest  of  Leadville,  Colorado.  Although  Aurora's  Dawson  Group  wells 
are  not  represented  in  the  graph  (the  wells  are  not  metered)  their  pro¬ 
duction  was  reduced  proportionately. 

In  other  areas  throughout  the  . Denver  Basin,  surface  water  supplies 
are  either  lacking  or  limited,  and  the  withdrawal  of  water  from  the  Dawson 
Grom  of  aquifers  has  increased  at  a  rate  proportional  to  growth  of  the 
area.  Typical  water  distribution  agencies  in  this  category  include  the 
South  Adams  County  Water  and  Sanitation  District  and  the  Town  of  Castle 
Rock.'  Figure  24  illustrates  how  the  demand  for  water  fran  these  agencies 
has  increased  with  time.  The  need  for  Dawson  Group  water  by  individual 
well  users  in  seme  suburban  areas  and  most  rural  areas  has  been  st easily 
increasing  since  World  War  II.  The  areas  which  are  growing  at  relatively 
fast  rates  include  the  northern  metropolitan  Denver  area  and  a  20  mile 
wide  strip  lying  along  the  east  flank  of  the  foothills  and  exterling  from 
Littleton  on  the  north  to  Colorado  Springs  on  the  south.  Other  areas  _ 
which  are  beginning  to  show  signs  of  growth  include  those  lands  in  proxi¬ 
mity  to  Interstate  Highways  70  and  80  east  and  along  certain  portions  of 
S.  Highway  24  east  of  Colorado  Springs.  Development  along  these  high- 
iys  is  showing  a  trend  of  reorientation  from  primarily  agricultural  to 
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2,000 
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Acre  feet  of  water  /year 


Figure  24.  Graph  showing  rate  of  increase  of  ground  water 
withdrawals  by  typical  water  supply  agencies 
within  the  Denver  Basin.  Multiply  acre-feet  by 
1233.62  to  find  cubic  meters. 
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aquifers. 

mSTOKEC  DEVELOBENT  OF  THE  L-F  AQUIFER 

The  L-F  aquifer  did  not  ^^'^StoS^Slc-st^wdS'' 
1930’s.  Before  that  time,  a  few  wi  e  ^  ^  gouthern  part  0f  the 
existed  near  the  outcrcT>  ar  desire  to  obtain  artesian  water  for  * 

basin.  In  the  19^0  s  and  50  s»  c»erond  for  vater  where  surface 

private  pmposes,  and,  in  some  cas,  .  Conse  ltly>  there  occurred 

supplies  were  not  available  x  *  citation  of  deep  aquifers*  The 

a  relatively  rapid  increase  in  ^oitation^oi  ^  it  at 

L-F  aquifer  is  desirable  J^^JJSeaLinsabay  very  soft  and  only 
that  time  flowed  and  the  vater  was  P  ^Q,  f  and  though  the  mid- 

moderately  mineralized.  During  the  lat  D  ea  for  suburban 

196o's  numerous  L-F  ^let^rS  iSriul  and  comercial 

3TJ£S  £  ££  SSfS  Tost  required  to  drill  heyond  the 
Arapahoe  Formation, 

Within  the  past  5  to  10/Scause°of ^^iScr^^d^vSlSiliS  of 
the  L-F  aquifer  have  decIaned  D  ^  wter  quality  problems.  However, 
surface  supplies  and  hecaus  .  ready  access  to  surface  water 

some  areas  north  of  Denver  do  n  less  effective  as  an  aquifer 

supplies  and  the  Arajahoe  Formation  *£*»£**** lJ^tleia«  . 

as  the  outcrop  areas  are  aT)Pr^\  strip  of  land  flanking  the  South 
interest  In  this  category  is  auide  m  p  2  South  through 

Platte  River  Valley  and  extending  fr  ^  w^m,  ls  tentatively 

Township  4  Horth.  Since  the  l»tel950  undergone  localized  snbur- 

called  "the  South  Elatte  Raver  to  iagsstrisl- 

hanisatloh  and  reorientation  fran  form  Jrsgr  remlted  in  the  con¬ 
ned  and  commercialized  economies.  The  change  has jesui 

struetion  of  a  large  number  <*  ^10 idi.  per  year. 

35.1  S&S-TMfk  rjtasls^  2d«^Wi?S 

Z&ISZZZ irSiin  the^  corridor 

from  the  early  50’s  through  1973. 

Because  ^e^te^SSlStio^^  the  L‘F 

t£se  areas  has  ooourred  infce  viCMi^  of  &aJ1  where 

surrounding  the  small  communities  of  By^  ^  dmestic/stoch  and 
water  punped  from  the  4-Faqulfer  northeast  of  Colorado 

municipal  purposes.  In  the  r^ion  e  domestic  water  users 

Sprin^Tthe  L-F  aquifer  hashed tsged  ^  a ^  ^ 
and  hy  a  feu  small  quasi-municipal  ..nee  +ue  late  1940’s.  Although 
StiS  of  the  L-F  s npifer  tos ■  «»-« !^cnSy Trurel  areas, 
the  rate  of  use  of  water  i^STLSTof  J^sdictlou  have 

“4  proportional  increases  in 
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the  demand  for  L-F  water.  Typical  of  these  ponU  *' 

Colorado.  Where  a  local  water  supply  agency  iras  reported  a  • three  mill 
eallon-per-year  increase  in  L-F  water  use  during  ohe  period  1966-1971. 
Figure  24  illustrates  the  trend  of  water  supplied  to  users  from  1959 

through  1971. 

ffvni rnraH on  of  th*»  L-F  aquifer  has  periodically  occurred  east  of 
the  “tween  Denver  Ld  Colorado  Springs.  Whetlar  or  not  the 

Su  he  heartly  developed  In  the  immediate  future  remains  to  he 
aSSr’S  folfLOTing^three  reasons^ 

^5  k&  "l.^feet)  helew  »*  *“ 

Lawson  Group  aquifers  are  proving  to  co  a  .•<»1_.-D.t.e  so.uce  g 

SW-  0)  i'Sn/rOT1  305^ ncters 

2*  -^e  -**  *  “tt0- 

liable  as  a  long-term  source  of  water  icr  cc-^i.  n  uScs. 

effects  gf  large  withdrawals  of  water  from  the  aquifers  and  possibilities 

CP  ADDITIONAL  DEVELOPMENT 

Continuous  data  on  the  historical  effects  of  the  withdrawals  of 
Continuous  aar*  ..  Denver  nasin  bedrock  aquifers  are 

large  quantities  of  ^terfrora  theLen.er  _-s  n  ^  effect8 

scarce.  Emmons  and  others  (lo9o,  p.  )  -  y  «  ■ur.Tjtiift'nUn 

of  early  development  of  the  Denver  and  Arapahoe  Format i  cos  and  McLaugiL 

(Sjul  w52£.  «aj  1955,  FPL  fe-Wdescrihed 
tuitions  of  the  Arapahoe  and  Fox  Hills  aquifers.  A  few  deeir wdls 
periodically  checked  by  the  U.  S.  Geological  Survey  in  the  late  5°  s 
Sd  Srly60’s,  but  most  have  either  been  abandoned  °r  are  tanp^arily 
capped.  As  a  continuing  phase  of  the  Denver  resin  study,  ical 

Division  of  "Water  Resources  in  cooperation  with  the  U.  S.  ®*+. 

Survey  hope  to  establish  a  permanent  well  measuring  network  for  th 

Dawson  Groiqp  and  the  L-F  aquifers# 

The  information  available  is  of  sufficient  quantity  and  luality  to 
permit  the  identification  of  areas  that  have  experienced  oarkedvater 
level  changes  since  the  aquifers  have  been  tapp 

these  areas  the  Denver  metro  area,  the  South  mwe  . Kiver^ wxi  j 

downstream  from  Denver  (South’ Platte  River  corridor),  and  the  region  n 
Byers  and  Deer  Trail. 

Since  current  local  rates  of  water  level  decline  range  f  rcm  0  to  15 
meters  (0  to  5°  feet)  per  year,  it  is  obvious  that ’ areas 

i Local  and 

SiJp  S'lLw  directors  should  discourage  the  construction  of  new 
££4»*=h  must  rely 

formations  might  become  ineffective  as  aquifers. 

All  existing  and  potential  users  of  ground  water  in  the  Denver  Basin 
shou^e^rtf^a^acts  of  axtandad  withdrawals  of  watar  fro.  tha 
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bedrock  formations.  These  effects  are  significant  from  both  physical  and 
legal  viewpoints.  Obvious  physical  effects  include  those  which  have  al¬ 
ready  been  mentioned  -  -  water  level  decline  over  an  area.  By  examining 
documented  physical  reactions  of  the  bedrock  aquifers  to  withdrawals  of 
water,  or  by  applying  hydrogeologic  constants  to  areas  which  are  yet  to  be 
developed,  the  existing  and  potential  user  of  bedrock  water  is  able  to 
formulate  sound  water  s\ipr>ly  plans  for  the  future.  Prom  the  legal  view¬ 
point,  water  administrators  should  be  aware  of  the  effects  which  have 
occurred  in  the  past,  are  occurring  at  present,  and  in  the  case  of  unde¬ 
veloped  areas,  may  possibly  occur  in  the  future. 

Figures  26  and  27  are  head  loss  curves  for  the  I-F,  Arapahoe,  and 
Dawson  aquifers  intended  to  serve  as  tentative  aids  in  estimating  the 
effects  of  water  withdrawals  in  areas  for  which  no  time  drawdown  infor¬ 
mation  has  been  recorded  in  the  past.  The  curves  were  constructed  by  appll 
cation  of  the  Theis  non -equilibrium  formula.  Pertinent  aquifer  constants 
were  assigned  ■values  which  are  believed  to  be  typical  of  the  aquifers  as  a 
whole  (table  3,  p.  *+3).  The  hydrogeologic  properties  of  the  aquifers  vary 
widely  between  different  localities.  Therefore,  tie  drawdown  curves  should 
be  applied  with  caution.  Particularly  when  radii  of  investigations  exceed 
one  kilometer  (0.62  miles).  Comparison  of  the  figures  illustrates  how 
drawdown  in  observation  veils  is  influenced  by  aquifer  constants.  They 
particularly  illustrate  the  need  for  a  sufficient  quantity  of  geologic 
information  on  the  area  of  interest.  Existing  wells  located  within  the 
area  of  influence  compound  the  problem  as  each  well  will  contribute  to 
the  head  loss  to  a  certain  degree. 

Denver  Metro  Area.  As  mentioned  above,  the  withdrawal  of  large  quan¬ 
tities  of  water  from  the  bedrock  aquifers  in  greater  Metropolitan  Denver 
lias  resulted  in  large  declines  of  potentiometric  surface.  Both  the  L-F 
aquifer  and  the  Dawson  Group  of  aquifers  have  experienced  declines  in  head 
ranging  from  about  30  to  183  meters  (100  to  600  feet)  during  the  period  of 
record.  The  greatest  declines  have  occurred  in  the  northern  and  southern 
parts  of  metropolitan  Denver  where  more  frequent  occasions  to  develop  the 
artesian  aquifers  exist  (pis.  8  and  12). 

Although  heads  have  declined  over  a  wide  area  in  the  metro  area,  the 
aquifers  have  not  lost  their  capacity  to  deliver  relatively  large  quanti¬ 
ties  of  water  to  wells.  Indeed,  the  well  field  of  the  City  of  Arvada  has 
experienced  head  declines  of  generally  less  than  30  meters  (100  feet) 
since  the  1950's.  Most  of.  the  wells  tap  the  Arapahoe  Formation  and  show 
no  indications  of  faltering.  The  fact  that  the  local  punping  water  level 
of  -axe  Arapahoe  formation  has  remained  nearly  static,  even  after  exten¬ 
sive  withdrawals  of  water,  shows  that  the  aquifer  can  support  additional, 
but  cautiously  planned,  development.  Existing  data  indicates  that  the 
formation  can  locally  withstand  an  additional  head  loss  of  about  1*5  to  60 
voters  (150  to  200  feet)  in  the  north  Denver  metro  area.  Such  declines 
will  place  pupping  level  near  the  uppermost  part  of  the  producing  zone  of 
the  Arapahoe  and  near  the  level  at  which  punping  under  water  table  con¬ 
ditions  will  begin. 

Although  the  Arapahoe  Formation  can  probably  withstand  additional 
development  in  the  greater  Denver  metro  area,  it  cannot  be  over -enrpha- 
rized  that  when  such  development  occurs  (there  is  no  indication  that  it 
*111  not),  it  should. proceed  with  much  caution  and  foresight  an  the  part 
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of  planners  and  administrators.  The  reasons  for  this  caution  are  sugges¬ 
ted  by  VmooB  (1896,  p.  403)  because  of  the  relatively  rapid  decline  of 
httd  over  a  seven  year  period,  the  fact  that  the  Arapahoe  Formation  i 
presently  heavily  developed  in  local  areas,  and  by  metro  Denver  s  proxi¬ 
mity  to  the  outcrop  area. 

The  drawdown  curves  of  figures  26  and  27  can  be  utilized  to obtain 

an  insight  on  the  effects  of  pumping  at  various  discharges  wer  various 
3  tmcrfchs  of  time.  The  curves  can  also  be  used  to  estimate  the  eff 
caused  by  the  pumping  from  a  well  field  where  the  drawdown  at  any  po 
is  the  sum  of  the  drawdowns  caused  by  each  well  individually,  or 
Ds  =  D]l  +  D2+D3+D4.  •  • 

A  large  number  of  the  small  capacity  domestic  wells  in  the  metro 
Denver  area  are  obtaining  water  from  the  Denver  Formation.  ep  o 
the  Denver  Formation  wells  range  from  about  45  -  152  meters  (150  to 
500  feet)  depending  upon  the  locations  of  well  sites  with  r^p^t  t 
stream  valleys  and  whether  or  not  sufficient  quantities  of  watCT  re¬ 
quired/for  particular  requirements  can  be  found  at  shallower  depths. 

Current  waterwell  drilling  activities  south  and  east  of  downtown  Denver 
indicate  that  the  water  levels  encountered  in  various  horizons  do  not 
differ  greatly  from  those  reported  during  drilling  activities  lO  or  mcr 
years  ago.  This  indicates  that  the  Denver  Formation  might  also  locally 
withstand  additional  development.  However,  the  same  precautions  sho^d 
he  practiced  for  the  additional  development  of  the  Denver  Formation  that 
were  r ec ornmende d  for  the  development  of  the  Arapahoe  Formation# 

The  effects  of  the  withdrawal  of  large  quantities  of  water  from 
the  L-F  aquifer  in  the  Denver  metro  area  is  shown  on  plate  o,  ana  they 
have  been  treated  in  the  section  describing  potratiometric .surfaces. 

Although  local  production  from  the  L-F  has  been  reduced,  the  local  art 
sian  head  has  continued,  to  slowly  decline  in  the  metro  area.  Continuous 
local  decline  of  head  is  probably  due  to  the  residual  effect  of  an. extra - 
sive  cone  of  depression,  which  was  developed  in  the  metro  area  during  the 
aquifer's  early  stages  of  development.  Although  the  L-F  *  artesian  head 
is  declining  at  rates  ranging  fraa  about  1  to  4  meters  C3  to  13 Is* 
year  in  the  metro  area,  it  is  still  305-380  meters  (1,000  to. 1,250  feet) 
above  the  top  of  the  aquifer.  It  is  possible  that  the  artesian  head  will 
continue  to  decline  and  in  some  cases  pumping  plans  might  require  altera¬ 
tion  to  cope  with  greater  lift.  However,  it  is  economacai:ly  iJi!:-ound  to 
restrict  the  development  of  the  aquifer  when  sufficient  quantities  of  water 
are  available  for  additional  development  in  other  areas  where  limited  loss 
of  head  has  occurred. 

Development  of  the  aquifers  in  the  metro  area  should  proceed.with  ^ 
caution  and  with  the  realization  that  all  previous  data  indicate  the  water 
"  is  being  "mined"  and  will  be  available  for  pumping  for  a  fixed  time. 

Potential  developers  should  he  aware  of  the  relationshipofapumpedwell, 
the  drawdown  around  it,  and  plan  accordingly.  Excessive  declines  of  head 
srah  a?2s  iill  therefore  demand  the  use  of  pumping  facilities  which  might 
•  S/S  beyond'the  economic  capabilities  of  the  private  well  owner.  Dqpth 
to  thf  tra  of  the  L-F  aqu5fer  in  most  of  the  metro  area  lies  between  305 
460  meters  (1,000  and  1,500  feet),  and  its  thickness  ranges  ^ 

76  meters  (150  and  250  feet).  Therefore,  the  depths  required  to  pump  the 
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aquifer  under  these  conditions  will  range  between  about  396  and  549  meters 
(1,300  and  1,800  feet).  This  condition  will  tax  common  pumping  equipment 
and  impose  heavy  economic  burdens  on  the  well  user. 

South  Platte  River  Corridor.  The  effect  of  extensive  utilization 
of  the  L-F  aquifer  in  the  South  Platte  River  corridor  is  shown  in  plate 
8.  The  increased  number  of  L-F  wells  in  this  area  has  resulted  in  water 
level  declines  ranging  from  3  to  15  meters  (10  to  50  feet)  per  year. 
Several  L-F  wells  west  of  Brighton  are  reported  to  be  presently  pumping 
under  water  table  conditions.  Existing  evidence  suggests  that  the  aqui¬ 
fer  is  locally  overdeveloped  and  continuous  population  growth  in  the 
corridor  will  probably  result  in  increases  in  the  rate  of  head  decline. 

If  the  present  trend  continues,  most  of  the  L-F  veils  in  the  corridor 
will  be  pumping  under  water  table  conditions  within  -5  years. 

Although  the  artesian  head  in  the  corridor  has  declined  rapidly 
in  recent  years,  the  L-F  aquifer  can  possibly  suppoH  additional  local 
der/elopment.  The  aquifer  thickens  toward  the  north-west,  where  it  is 
close  to  a  probable  recharge  area,  and  lies  at  only  moderate  depths 
below  the  land  surface.  The  additional  development  would  impose  hard¬ 
ships  on  existing  L-F  water  users  by  increasing  the  costs  involved  as 
pumping  lift  increases.  It  is  obvious  that  any  additional  development 
should  be  carefully  planned  and  closely  observed. 

The  Eastern  Prairie  Lands.  The  prairie  lands  and  the  area  east 
of  Interstate  Highway  25  between  Denver  and  Colorado  Springs  are  pre¬ 
dominantly  agricultural  and  the  bedrock  aquifers  have  not  experienced 
the  intensified  development  that  has  occurred  near  the  population 
centers.  Thus,  most  of  the  bedrock  wells  in  the  prairie  lands  are  used 
for  agricultural  purposes,  and  small  farm-ranch  cccr-uiities  such  as 
Keenesburg,  Byers  and  Deer  Trail.  During  recent  years,  these  areas  have 
experienced  slight  population  growth  as  an  increasing  number  of  people 
move  away  from  the  rapidly  expanding  population  centers.  With  the 
prairie  lands  becoming  more  attractive  as  sites  for  population  growth, 
a  more  thorough  understanding  of  past  bedrock  well  development  and  the 
predicted  response  of  the  aquifers  to  extended  withdrawals  of  water  is 
needed. 

v 

The  region  surrounding  the  small  communities  of  Byers  and  Deer  Trail 
contains  a  higher  density  of  I>-F  aquifer  wells  than  do  other  agricultural 
areas  east  of  Denver.  '  At  least  two  factors  account  for  this  density: 

(l)  the  area  is  near  the  eastern  outcrop  of  the  L-F  aquifer  within  easy 
reach  of  common  well  drilling  equipment,  and  (2)  the  area  is  served  by 
an  efficient  highway  system. 

The  withdrawal  of  water  from  the  L-F  aquifer  by  the  domestic  and 
stock  wells  a-nti  by  the  communities  of  Byers  and  Deer  Trail  has  formed  a 
cone  of  depression  which  practically  encompasses  the  two  communities 
and  appears  to  extend  to  the  outcrop  area  along  the  eastern  border  of  the 
basin  (pi.  8).  The  current  rate  of  head  loss  in  the  area  is  about  two 
ffeet  per  year.  Southwest  of  Interstate  Highway  70,  approximately  90  to 
180  meters  (300  to  600  feet)  of  head  remains  above  the  top  of  the  L-F 
aquifer. 
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With  the  completion  of  Interstate  70,  the  Strasburg-Byers  area  became 
-Bi-Sin  easy  commuting  distance  from  Denver.  The  result  has  been  a  trend, 
tcsard  developing  the  area  commercially  or  simply  as  new  JJJJJ*- 

3e=ause  extended  development  of  the  L-F  aquifer  will  result  ^  additional 
had  losses,  the  question  arises  as  to  the  extent  of  the  head  loss  and  its 
relationship  between  the  L-F  outcrop  where  it  is  overlain  by  vat»  sat^a- 
tei  alluvial  deposits.  The  North  Kiowa-Bijou  Ground  Water  Ifenagement  Ms- 
Scthas  expressed  its  concern  over  the  possibility  that  extensive  with- 
frsvBls  from  the  L-F  aquifer  will  reverse  the  currently  north  sloping 
-ctentiometric  surface.  The  theoretical  result,  whichissu^ported  by 
h=y  investigators,  is  that  along  certain  reaches  of  the  Bijou  Creek  sys- 
te,  recharge  will  occur  from  the  alluvium  to  the  L-F  aquifer. 

The  concern  of  the  North  Kiowa-Bijou  Ground  Water  ManagementDistrict 
can  be  appreciated  by  examing  the  L-F  drawdown i  curves  *  f 

’--e  13  liter  per  second  (200  gpn)  curves  show  that  a  well  or  well  f lei 
^dSiS  S  IPS  could  possibly  create  substantial  drawdowns  in  observa¬ 
tion  wells  64  kilometers  (40  miles)  distant.  The  small  slopes  of  the 
acuifen  and  the  potentiometric  surface  and  the  slowly  moving  groun  wa  er 
should  have  only  a  minimal  effect  on  the  shape  of  the  curves. 

In  the  vicinity  of  1-70  west  of  Strasburg,  it  is  possible  to  drill  to 
t*-e  L-F  aquifer  and  the  Arapahoe  and  Denver  Formations.  However,  for  ea 
anticipated  well,  whether  it  be  for  an  individual  user  or  a  housing  or 
business  development,  the  effects  of  drawdown  and  the  existence  of  pre- 
existing  wells  should  he  considered* 

Existing  data  indicate  that  between  Denver  and  Strasburg,  the  poten- 
tiometric  surface  of  the  L-F  aquifer  is  from  about  183  to  396  aeters  (600- 
1,300  feet)  above  the  top  of  the  aquifer.  Therefore,  considerable  develop¬ 
ment  of  the  aquifer  is  possible  depending  upon  local  aquif  erprop^ies , 
legal  complications  and  the  ability  of  well  users  to  make  adjustments  for 
rcssihly  limited  well  production  and  increasing  drawdowns . 

Water  level  trends  in  the  Arapahoe  and  Denver  aquifers. in  the  prairie 
leads  have  not  been  established.  Assuming  the  water  produci^  capacities 
0f*  the  Arapahoe  Formation  are  more  or  less  uniform  throughout  the  central 
portions  of  the  basin,  it  is  believed  that  it  can  svjpport t£^Si™-tric 
additional  develqpment.  If  such  develqpment  does  occur,  the  potentiometric 
surfaces  will  probably  decline  locally  in  the  same  manner  as  experienced 
in  the  Denver  area  in  the  l800's.  » 

•Palcon-Pevton-Calhan  Area.  The  area  along  U.  S.  Highway  ?4  *®*w®®* 
Colorado  Springs  and  Calhan'has  experienced  considerable  population  growl 
the  past  decade.  The  once  agriculturally  oriented  area  is  attracting 

.  both  the  individual  in  search  of  a  large  J??  L^LSfe^ 

land  developers.  Both  the  Dawson  Group  of  aquifers  and  the  L-F  aquifer 
are  being  utilized  as  water  supply  for  this  development. 

Develqpment  of  the  L-F  aquifer  in  this  area  has  been  restricted  in 
the  past  tothe  peripheral  areas  of  the  basin  "here  it  ^tiiize^pr^ 
cipally  for  individual  domestic  and/or  stock  purposes,  and  at -C^han  where 
the  aquifer  furnishes  about  75  percent  of  the  tovm.s  water  sugly. 

L-F  aquifer  in  the  Falcon-Peyton-Calhan  area  can  withstand  additional 
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-Tanned  utilization*  The  sandstone  isolith  map  of  theL-F  a.q\df  erindi- 
Wto  slightly  over  60  meter.  (150-200  *«J)  <* £**£$£ 

uresent  throughout  most  of  the  area  (pi.  6).  Ava  Istle  , _ A 

StaTS*  152  to  305  meters  (500  to  1.000  feet)  *  — J„ 
remain  on  the  aquifer.  The  depth  to  the  tup of 

&5T ifett*)*  mSr^to  p'enS^te 

levels  extend  to  the  top  of  the  aquifer,  the  cost " 

and  poeer  supplies  mil .??aS‘SettoePl«isting^nd  future  uater  users 

^rdSlZ  ^^licreasedlevel^ut  of  the  aquifer. 

Most  of  the  wells  in  the  Falcon-Peyton-Calhan  area  are j 
152  meters  (500  feet)  deep  and  tap  just  the  tap  one 

a s£w.*s=l 

for  a  particular  horizon  has  been  established. 

'  The  area  is  generally  underlain  hy  sore  than  305  meters  (1,000 

feet)  *  StSaUSw,  2-  ^vrWuifts*^!^ 

from  25  to  50  percent  sand  and  gravel.  Tne  aquuers  * 
tolerate  considerable  development  so  long  as  t  ®  c^c  ^  ^ 

ere  United.  Existing  logs  indicate  that  most  °f  the  san£  » 
upper  305  meters  are  lenticular.  Thus,  ^potential  yanavaerwa* 
uX  caution  so  as  to  prevent  ^development  of 
charge  to  the  lenticular  sandstones  in  this  area  is  prom  jy  qui 
STSdthe  exhaustion  of  all  of  the  recoverable  uater  free,  see  lensea 
C0Uld  nark  the  end  of  their  usefulness  as  aquifers. 

t> ,  r  airHnJ.  laree  scale  water  users  of  the  Arapahoe  Formation  shCT^d 

us.  e^l^  their  dispute  ^  “^fJ^T^SStes 
themselvee  finsneially.  Scattered  E-log  (So?? .1)' thich  end 

that  the  Arapahoe  is  frequently  less  than  ^2  meters  (400  feet 
the  sands  are  not  as  well  developed  as  in  other  areas  to  tne  norm 

northwest. 

muss  M»/.v  Forest  and  Other  Areas.  In  this  report,  the  Black  forest 
.  a  SL aira.bSn,^  square  HIcbeters  (800  square  miles)  in  the 

southwest  and  central  part  of  tte 

growths  of  pine  trees.  The  northern,  1920  and  213^  meters  (about 

^se^thf^S  a^TSstle  Bock,  ftanEtoun,  EUwheth,  Eioua,  cm 
Elbert. 

m  the  the  ar«  ua.  P^^y  ^SST^huS^- 

an^  proximity  to  Txrth  metro  Denver  an  ,  ^  develop- 

in  verytiigh  rate.  <*>*1.  ^  ^ 
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st“dy  gro'rth  Bince  the  ear^y  1960*s.  This  growth  is 
T^^T®  **  ?he  total  W*“*Uar  of  vaSr  supplied 

JP*??”*11*  (fig*  24»  P*  ®3)«  The  town  presently** 
two  wells  tapping  the  Dawson  Groip.  ^ 

B+„,/^cticarif  ^  of  the  wells  which  have  been  drilled  have  been  con- 

jJjSS  JSnI“  iDSVidual  i“is  ^  desiring  only  United  quantities 
^^..^Py^ty  wells.  Due  to  the  lenticularity  and  wide 
steatt^aphic  distribution  of  water  producing  horizons  in  the  Dawson 
JTOifers,  wells  are  drilled  to  depths  varying  from  about  30  meters  (100 
feet)  to  generally  less  than  305  meters  (1,000  feet).  It  is  cannon  for 
this  range  to  occur  within  an  area  less  than  1.6  square  kilometer  (l 
square  mile).  Over  80  percent  of  the  wells  which  tap  the  bedrock  aqtd- 
f®” Jj  Ffrest  are  less  than  305  meters  deep:  most  are  obtain- 

r!f-^S.fr0in  ®s*son  Arkose.  Only  a  few  penetrate  to  the  Arapahoe 

^  ■  r?nt^'  qulte  recently,  data  collection  in  the  Black  Forest  has  been 
practically  non-existarrt,  therefore,  no  definite  long-term  trends  of  the 
wat«  levels  are  known.  Scant  evidence  obtained  from  the  driller’s  loss 
^he,  indicate  that  no  significant  change  has  occurred  in  the 
‘Jff2  ae*ers  (5°°  feet)  of  the  Dawson  Group.  Comparison  of  driller's 
-h?^f*lcmi  reP°^B  made  in  the  1950's  and  early  60's  with  recent  conple- 

Bene  areas?  which  are  obtaining  water  from 
to  500  feeti  levels,  and  a  few  wells  with  a 
a  feet)  or  mere,  possibly  have  experienced  water 

^  ?£?***  «*  2*5  neterB  («W»  feet)  per  ye£.  ThislmpSiswi 

close^r  ^Ped  small  capacity  wells  tapping 
the  same  aquifer  will  cause  substantial  water-level  declines.  EFU1® 

4  44  "^e  new  land  owners  in  the  Black  Forest  will  probably  drill 

iitflvidual  wells  with  depth  generally  less  than  152  metersP(500  feet). 

A  few,  however,  particularly  corporations  contemplating  large  housing. 

a+d  developments,  will  undoubtedly  construct  wells 

desired  to  tap  the  basal  portion  of  the  Dawson  Arkose  or  the  Arapahoe 
Formation.  Electric  logs  of  these  formations  indicate  aquifer  thicknes- 
ses  counonly  approaching  152  meters  (50afeet)  with  a  net  sand  value 
averaging  76  meters  (250  feet).  Aquifer  tests  performed  on  similar  thick¬ 
nesses  of  the  Arapahoe  Formation  in  the  southeast  Denver  metro  area  indi- 

13,to  ^  P«  B«cood  (200  to  400  gpm)  can  be  withdrawn 

without  causing  substantial  drawdowns  in  the  pumped  well.  The  Arapahoe 
can  oe  expected  to  produce  such  quantities  of  vater  in  most  of  the  Black 
Forest  region  except  in  the  southern  part  where  sand  horizons  are  not  as 
veil  developed  as  those  to  the  north.  The  basal  part  of  the  Dawson  Arkose 
aquifer  is  very  desirable  in  the  Black  Forest  because*  its  sands  are  locally 
quite  ttiick  and  permeable  and  the  water  pumped  from  it  has  a  high  chemical 
quality.  . 

The  Dawson  Arkose  and  Arapahoe  Formation  will  undoubtedly  prove  to 
be  major  sources  of  water.  However,  water  users  and  administrators  should 
be  totally  aware  of  the  dangers  of  over-development  and  plan  accordingly 
well  spacing  and  ground  water  withdrawals  should  be  closely  scrutinized/ 
particularly  in  the  peripheral  areas  where  ground  water  storage  is  limited 
and  where  the  aquifers  are  cut  by  stream  systems  ana  to  a  certain  degree, 
are  tributary  to  those  systems. 
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The  Penver  Fermtiom  1»  jro«n to  hs.  £££'£? 

S SSfS^Sg^ssKT 

notoriously  lenticular,  and  to  potential  water  quality  prooxemB 
sections  known  to  contain  coal. 

Although  the  M  awlf«  jfth. 

tLiSTthe  L-F  U^hdST^S  of  So  wten  (2000  fart)  and  i.^ 
generally  not p™'?**®?!  OOOfwt)  ^toB^t^qaestloB^le'thS  it. 
Sut£SeL  Isrp  scale 

users  who  can  economically  exploit  water  well*  uf  |VC\^P“  ould 
the  general  thickness  of  net  sand  impressive  (pi.  6),  but  should  antx 
cipate  potential  water  quality  and  drawdown  problems. 

Another  ari  which  is  currently  experiencing  ^p'd  growth  of  popu- 
Sd  i^witS/SJy^omnruting  distance  of  Denver  and  Cdorado  Springs. 

S5g£SBSggS*SSfc 

SS  bSn  5.  hogbacks  sod  SUA  Forest.  Boat  of th^veUa  in  tha_ 
ar—  are  eg  the  domestic  and  stock  type,  typical  Bunidpw.  T  ^ 

““  SteTresmn-ces  are  represented  by  the  snail  ccnmmity  of  louriers, 
the  Woodmoor  Water  and  Sanitation  District  at ■  »»*» 

iVww.  of  water  for  the  dilution  of  sewage  ?^*  “*£*- 
gation  purposes.  Several  industrial  and  quasi-municipal  wells  also 
tap  the  bedrock  aquifers  in  this  area. 

^  TSfX  that  tbiough  mid-1973>  the  ar«a  »aa  not 

*“*  a^lTlS  system.  Thi. 

“»  X!w^eJSd^aM7tSerate  considerabl.  additional  develop- 
“2  tSftl?»t2  administrators  and  eater  users  are  scare 

Slh.^S“tations  Plsod^tb.  ^Si^sfeS^yrUks 

SthS  hotfjadts  or  are  cat  ty  the  fanl* 

pound  eater  storage  in  the  bedrock  aquifers  diminishes  in  a  westeard 

direction* 

Ai+Wmiffh  data  are  lacking,  a  distinct  possibility  exists  that 
Although  data  ng^  proximity  to  the  Rampart  -Range  and 

jaulting  is  notated  to^s  ^  faults,  whether  they 

subsequent  structural  adjust- 
of  «2  bedrock  aquifers.  Such 
meats,  would  resuw  »““*  iSL-fe  needs  of  wisely  spaced  domestic- 

S^«?d«Sd  of  an  individual  household  unit  or  sssJl  ccmeroial- 
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industrial  installation,  should  examine  all  available  hydrogeologic  data 
on  the  prospect  area,  and  if  the  need  arises  and  funds  permit,  invest  in 
a  test  drilling  program. 

Existing  data  indicates  that  depth  to  the  L-F  aquifer  in  the  strip 
ranges  from  zero  at  the  outcrop  to  about  732  meters  (2,400  feet)  west  of 
Castle  Rock  (pi.  7).  Such  depth,  combined  with  reports  that  the  aquifer’s 
potentiometric  surface  is  locally  over  305  meters  (1,000  feet  )  below  the 
land  surface,  will  probably  limit  most  presait  and  immediate  future  devel¬ 
opment  to  the  Arapahoe,  Denver,  and  Dawson  Formations. 

Tf»ty*  Subsidence.  Subsidence  of  land  adjacent  to  areas  which  have 
experienced  substantial  declines  of  artesian  pressure  from  the  withdrawal 
of  ground  water  is  well  documented.  Most  investigators  agree  that  the 
comnon  cause  of  land  subsidence  is  the  withdrawal  of  water ,  gas ,  or  petro¬ 
leum  from  confined  zones  in  consolidated  or  partially  consolidated  sedimen- 
tary  deposits.  This  removal  of  fluids  results  in  a  reduction  of  the  arte¬ 
sian  pressure  and  an  increase  in  overburden  load  on  the  formation.  When 
the  overburden  load  is  increased,  more  of  the  stress  is  transferred  to^the 
uatrix/within  the  deposits.  This  change  in  stress  results  in  changes  in 
the  particle,  pore,  and  bulk  volume  of  the  rock.  Compaction  and  accompany¬ 
ing  land  subsidence  is  of  interest  because  of  their  affect  on  aquifer 
properties  and  man-made  structures  on  the  land  surface. 

The  major  hydrogeological  effect  caused  by  aquifer  compaction  is  the 
reduction  of  the  aquifer's  capacity  to  store  and  yield  water.  In  summari¬ 
zing  his  investigation  of  part  of  the  San  Joaquin  Valley  in  California, 
Poland  (1961,  pp.  B-53,  B-54)  reported  that  the  storage  derived  during 
compaction  of  clayey  interbeds  and  confining  beds  may  be  equal  to  or 
greater  than  that  derived  from  the  coarse  fraction  of  the  aquifer.  He 
also  states  that  the  water  yield  from  the  clayey  beds  is  large  only  during 
the  first  decline  of  artesian  pressure.  If  pressures  are  allowed  to  re¬ 
cover,  and  then  were  drawn  down  again  through  the  same  interval,  the  addi¬ 
tional  compression  of  the  clayey  beds  would  be  wily  a  small  fraction^  ox 
that  in  the  first  phase.  It  is  reasonable  to  conclude  that  compression 
of  the  clayey  beds  within  the  aquifer  materially  reduces  the  aquifer's 
capacity  to  store  and  yield  ground  water. 

The  possibility  that  certain  parts  of  the  Denver  Basin  will  be 
affected  by  subsidence  should  not  be  ignored.  The  potential  certainly 
exists,  particularly  in  light  of  the  lowering  of  artesian  heads  of 
several  hundred  feet,  and  the  northwestern  part  of  the  basin  being  a  site 
of  tectonic  activity.  Postulated  and  known  causes  of  subsidence  which 
might  apply  to  the  Denver  Basin  are:  (l)  water  reservoir  compaction  due 
to  ground  water  withdrawals}  (2)  possible  lack  of  local  structural 
stability. 

*>! 

The  artesian  head  in  the  northern  part  of  metropolitan  Denver  has 
already  experienced  a  decline  exceeding  60  meters  (200  feet).  Any  effect 
of  lowering  the  potentiometric  surface  60  or  more  meters  is  unknown  at 
this  time.  However,  it  is  possible  that  closely  monitored  land  level 
stations  and  tectonic  studies  can  he  utilized  to  reveal  the  existence  of 
any  subsidence.  Numerous  faults  cut  ihe  bedrock  formations  ana  the 
area  has  experienced  over  2000  earthquakes  since  early  19b2.  The  well 
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known  Derby  earthquakes  have  been  related  to  the  injection  of  fluid 
wastes  at  the  Rocky  Mountain  Arsenal  disposal  well.  It  is  possible  that 
the  earthquake  activity  has  masked  shallow  events  which  might  have 
occurred  due  to  the  lowering  of  artesian  head.  It  should  be  noted  that 
prior  to  1962  no  seismic  instruments  in  the  area  were  capable  of  regis¬ 
tering  events  having  an  activity  of  less  than  III  on  the  modified  Mer-  . 
rain  activity  scale  (about  2  to  3  on  the  Richter  scale).  Therefore, 
if  ground  water  withdrawals  from  artesian  aquifers  did  produce  low 
intensity  events,  they  were  not  recorded. 

Seismic  events  related  to  lowering  the  artesian  head  will  be  some¬ 
what  difficult  to  detect.  The  tectonic  stresses  in  the  basement  rocks 
of  the  basin  have  reunited  in  periodic  seismic  activity  regardless  of 
the  degree  of  de*..*atering.  Investigators  examining  the  possibility  of 
land  subsidence  induced  by  lowering  of  artesian  head  must  develop  a 
closely  coordinated  program  of  both  seismic  studies  and  precise  land- 
level  surveys. 

/  The  dangers  of  subsidence  in  the  Denver  :.?sin  are  possibly  lessened 
somewhat  because  the  sedimentary  materials  from  which  artesian  water  is 
withdrawn  are  to  a  certain  degree  preconsolidated.  Hence,  the  basin 
possesses  a  certain  degree  of  structural  stability.  It  is  therefore 
possible  that  the  basin’s  artesian  aquifers  can  withstand  a  substantial 
lowering  of  artesian  head  without  experiencing  substantial  compaction 
and  subsequent  subsidence.  Or,  if  compaction  and  subsidence  does  occur, 
it  should  be  of  such  small  magnitude  that  it  will  be  extremely  difficult 
to  detect. 

Evidence  suggests  that  compaction  and  subsidence  in  the  Denver  Basin 
are  not  occurring  rapidly  if  at  all.  If  the  nature  of  the  artesian  aqui¬ 
fers  is  such  that  stresses  created  by  extensive  dewatering  can  be  relieved 
only  after  years  of  build-up,  the  Derby  earthquakes  could  have  acted  as 
triggering  mechanisms  for  release  of  the  stresses.  Any  relief  of  these 
stresses  in  the  past  were  probably  of  such  low  intensity  that  they  were 
not  recognised  as  products  of  sub-surface  activity. 

If  extensive  punping  from  the  Denver  Basin  artesian  aquifers  will 
produce  detectable  seismic  activity  or  subsidence  in  the  future,  such 
events  should  occur  in  the  areas  of ^heaviest  artesian  aquifer  develop¬ 
ment.  Certain  parts  of  metropolitan  Denver,  for  example,  are  experien¬ 
cing  marked  population  expansions.  The  water  supplies  of  many  of  these 
areas  are  to  be  either  partially  or  totally  dependent  on  local  artesian 
aquifers.  Since  thick  sections  of  Laramie-  ox  Hills  aquifer  and  Arapa¬ 
hoe  Formation  are  to  be  exploited,  a  definite  potential  for  aquifer 
compaction  exists.  Because  of  the  presence  of  large  buildings  and  a 
complex  network  of  conduits,  the  degree  of  the  compaction  is  important. 

It  is  evident  that  in  the  Denver  Basin  some  means  should  be 
employed  to  monitor  the  reaction  of  artesian  aquifers  to  extensive 
dewatering.  Data  obtained  from  select  monitoring  programs  could  be  used 
to  predict  sites  of  potential  subsidence  and  aid  in  the  prediction  of 
aquifer  life.  Methods  used  to  monitor  subsidence  in  California,  which 
can  readily  be  applied  to  the  Denver  Basin,  include  (l)  old  and  new  well 
log  comparisons ;  (2)  use  of  buried  dead-man  anchors  (Lof gren,  1961); 
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(3)  wire -line  depth  measuring  of  casing  joints;  (4)  radioactive  tagging 
of  marker  beds;  and  (5)  the  monitoring  of  a  network  of  precise  land  level 
stations. 

At  present,  it  is  unknown  if  local  dewatering  in  Denver  Basin  arte¬ 
sian  aquifers  will  result  in  extensive  subsidence.  Some  compaction  will 
certainly  occur,  but  the  extent  and  nature  of  the  subsidence  is  somewhat 
problematical.  Analytical  methods  are  available  to  predict  the  severity 
and  timing  of  such  events,  but  their  application  requires  sophisticated 
data  which  is  obtained  only  with  difficulty.  Since  certain  parts  of  the 
Denver  Basin  are  probably  going  to  experience  artesian  head  declines  of 
at  least  150  meters  (500  feet)  in  the  next  10  or  20  years,  it  is  impor¬ 
tant  that  the  extent  of  possible  subsidence  is  known.  The  fact  that  once 
the  fine  fractions  of  the  artesian  aquifers  have  been  compressed  and 
dewatered,  they  cannot  be  recharged  by  either  natural  or  artificial  means, 
cannot  be  over-emphasized. 

FUTURE  BASIN  DEVELOPMENT 
AND  MANAGEMENT  OF  BEDROCK  AQUIFERS 

The  principal  objective  of  this  report  is  to  aid  in  the  formulation 
of  legal  and  technical  plans  which,  if  put  into  effect,  would  use  the 
Denver  Basin's  bedrock-water  with  maximum  productivity  and  life,  with 
nrfirtimim  waste  and  cost.  The  bedrock  aquifers  contain  a  vast  quantity  of 
water  in  storage  but  in  order  to  accommodate  the  numerous  federal,  state, 
county  and  individual  interests,  it  will  be  necessary  to  coordinate  all 
development  of  the  resource. 

Significant  head  losses  wherever  the  aquifers  have  been  developed 
are  clear  indications  that  the  "safe  yields"  are  easily  exceeded.  The 
significant  widespread  and  prolonged  head  losses  indicates  that  the 
quantity  of  water  recharged  to  the  aquifers  is  greatly  exceeded  by  the 
quantity  of  water  withdrawn  by  punrpage.  It  has  also  been  shown  that  low 
permeabilities  and  irregular  development  of  sandstones  prevent  large- 
scale  artificial  recharge  practices.  These  two  facts  seriously  limit 
resource  management  alternatives.  Overshadowing  the  premise  that  alter¬ 
natives  are  severely  limited  is  the  fact  that  the  resource  has  little 
value  if  it  is  not  put  to  beneficial  use. 

Because  the  water  of  the  bedrock  aquifers  is  being  mined,  the 
priority  doctrine  is  not  a  suitable  approach  to  its  management.  Appli¬ 
cation  of  the  doctrine  to  the  basin's  bedrock  aquifers  would  necessitate 
the  immediate  halt  to  construction  of  all  new  high  apacity  wells,  and 
the  imposition  of  punping  limitations  on  most  exis.  '.ng  high  capacity 
wells.  Such  action,  which  in  effect  can  he  classed  as  a  "type"  of  mora¬ 
torium,  would  certainly  extend  the  life  of  the  resource,  but  might  severe¬ 
ly  injure  local  economies  ana  would  probably  tax  the  water  delivery 
capabilities  of  other  systems. 

It  is  safe  to  assume  that  waste  water  reclamation  and  re-use,  and 
restrictive  measures  will  play  a  vital  role  in  augmenting  the  water  needs 
ef  the  future.  To  what  extent  these  measures  will  affect  over-all  water 
demands  is  heyona  the  scope  of  this  report.  It  is  becoming  increasingly 
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clear,  however,  that  provisions  must  he  made  to  integrate  the  use  of  the 
ground  waters  in  the  Denver  Basin  with  other  a  vailable  supplies  to  meet 
the  growing  water  demands  of  the  area.  Indeed,  what  is  needed  is  a 
thorough  analyses  of  the  water  resource  availability  and  use  along  the 
entire  Front  Range  so  that  all  water  risers  can  be  included  in  a  compre¬ 
hensive  water  plan  for  the  future.  Until  such  a  plan  is  available, 
•however,  there  is  a  growing  demand  to  utilize  water  from  the  bedrock 
aquifers  and  this  resource  .must  be  developed  in  an  orderly  manner. 

Another  prospect  that  could  extend  the  life  of  the  aquifers  is 
to  make  available  a  plentiful  supply  of  low  cost  imported  water. 

Neither  tire  political  climate  for  transmountain  diversions  nor  the 
availability  of  such  water  can  be  predicted  or  guaranteed. 

Certain  protective  measures  must  be  employed  to  achieve  timely  and 
effective  use  of  the  ground  waters  in  the  bedrock  aquifers  to  maintain 
a  minimal  influence  of  one  well  upon  another.  The  effect  of  pumpage 
from  an  artesian  aquifer  anywhere  in  the  basin  will  ultimately  be  trans¬ 
mitted  throughout  the  entire  aquifer.  To  minimize  head  loss,  it  is  re- 
ccnfeiended  that  spacing  and  construction  criteria,  based  on  aquifer 
characteristics,  be  established,  and  that  use  permits  clearly  provide 
no  guarantee  of  the  current  pumping  head. 


Sl»MY  OF  PROBLEMS  AND  CONCLUSIONS 

Major  problems  which  will  confront  administrators  and  users  of  water 
from  the  Denver  Basin's  bedrock  aquifers  include  those  associated  with 
declining  water  levels  and  deterioration  of  water  quality. 

Areas -in  which  current  water  level  declines  are  rapid  enough  to 
cause  concern  are  the  South  Platte  River  corridor,  the  Strasburg-Bjyers- 
Deer  Trail  area,  and  parts  of  metropolitan  Denver.  Although  the  rate 
of  water  level  decline  in  certain  parts  of  the  Denver  area  been  buf¬ 
fered  by  transmountain  diversions,  other  parts  are  growing  at  a  phenom¬ 
enal  rate.  In  such  areas,  there  is  an  increase  in  the  desire  to  use  the 
bedrock  aquifers  for  large  quantities  of  water.  This  is  particularly 
true  in  the  Black  Forest  and  other  areas  where  new  and  future  develop¬ 
ments  must  rely  totally  on  bedrock  water  supplies.  It  is  suggested  that 
development  in  such  areas  proceed  with  caution  as  too  rapid  growth  might 
result  in  water  level  declines  which  greatly  exceed  the  economic  capa¬ 
bilities  of  current  pumping  equipment. 

Water  quality  problems  of  the  Denver  Basin's  bedrock  aquifers  are 
confined  predominantly  to  the  Laramie  Formation  and  L-F  aquifer.  Water 
from  these  units  is  locally  known  to  contain  troublesome  amounts  of 
hydrogen  sulfide,  methane,  iron,  fluoride  and,  frequently,  sodium. 
Although  local  geologic  phenomena  might  he  the  cause  of  many  of  the  con¬ 
taminant  a,  the  possibility  of  contamination  resulting  from  human  activi¬ 
ties  should  not  be  ruled  out.. 

Many  water  quality  problems  encountered  in  utilizing  the  bedrock 
aquifers  can  probably  be  eliminated. by  avoiding  multi-aquifer  completions, 
particularly  in  the  case  of  mixing  L-F  water  with  Dawson  Group  water. 

When  more  than  one  aquifer  is  penetrated  during  drilling  operations, 

* (100) 


water-bearing  horizons  found  or  suspected  to  contain  poor  quality  water 
should  be  effectively  isolated.  Use  of  any  of  the  sedimentary  rocks  of 
the  Denver  Basin  as  receptacles  for  disposal  products  must  be  avoided. 

Successful  future  management  of  the  bedrock  aquifers  of  the  Denver 
Basin  will  require  the  collection  and  utilization  of  a  considerable 
amount  of  additional  data,  particularly  in  those  areas  where  data  is 
either  scarce  or  totally  lacking.  The  importance  of  additional  electric 
logs,  geologic  sample  logs,  and  aquifer  test  data  cannot  be  over-empha¬ 
sized.  Water  quality  tests  are  inexpensive  and  should  be  made  at  every 
opportunity.  Of  major  importance  is  the  need  for  an  extensive  network 
of  observation  wells  in  which  water-level  fluctuations  can  be  monitored. 
Completion  of  an  observation  network  of  this  type  is  anticipated  during 
the  fiscal  year  1975-1976.  Accurate  measurements  of  the  quantities  of 
water  withdrawn  from  the  aquifer  are  needed  to  predict  the  useful  lives 
and  the  response  to  additional  development. 

The  bedrock  jtqpifers  of  the  Denver  Basin  contain  vast  quantities 
of  ground  water  suitable  in  most  localities  for  all  beneficial  purposes. 
If  managed  with  caution,  the  basin  can  supply  the  water  needs  of  several 
generations . 
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APPENDIX  A 


mi  NUMBERING  SYSTEM  .  '  • 

Wells  described  in  Table  6  are  numbered  according  to  their  location 
within  the  Federal  system  of  public  land  subdivision  (fig.  28).  The 
number  shows  the  location  of  the  well  by  quadrant,  township,  range,  section, 
and  position  within  the  section.  Hie  capital  letter  at  the  beginning  of 
the  location  number  indicates  the  quadrant  of  the  meridian  and  base  llnc- 
u/utnm  in  which  the  well  is  located.  All  wells  :n  the  Denver  Basin  project 
area  lie  in  the  northwest  (B)  or  southwest  (c)  quadrant  of  the  sixth 
principal  meridian  and  }K)th  parallel  baseline  system.  Hie  first  segment 
of  the  ’well  number  indicates  the  township,  the  second  the  range,  and  the 
third  the  section.  lower  case  letters  following  the  section  number  locate 
the  well  within  the  section.  The  first  letter  denotes  the  quarter  section, 
the  second  the  quarter-quarter  section  and  so  on.  When  more  than  one  well 
is  located  within  the  smallest  subdivision  indicated,  consecutive  numbers 
beginning  with  2  are  added  to  the  identifying  number  in  the  order  *n  which 


Figure  28.  Method  of  numbering  wells  in  Colorado.  From  McConaghy, 
James  A.  and  others,  1964,  ifydrogeologic  data  of  the 
Denver  Basin,  Colorado:  Colorado  Water  Conservation 
Board  Basic  Data  Report  No.  15 ;  prepared  by  U.S. 
Geological  Survey,  p.  3. 
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GLOSSm  AM)  CONVERSION  FACTORS 

thos eTwhSC£f iStioS^ve^nfl Special  hy^rogeologic  significance  and 
last  few  IL*fS  1®““®??  sli^  modification  within  thT 

sim  ftctoST  '  -™S  iS  fonowed  IT  a  list  of  conver- 

^^wntaiS^s^i 2S1^S«52PB0f  *  or  part  of  a  for- 

sufficient  quantity  of  St2  tS^J  vP  r!fablf  material  «*t  can  yield  a 
cial  use.  ^  ter  that  my  be  extracted  and  applied  to  benefi- 

PrevaUing  oS^l?trOU”4  at  «• 

right  angles  to  the  direction  r*  + i S  ect*on  of  unit  area,  measured  at 
It  is  expressed  as  aeteS^S  toy l«rto«lic  gradient. 
Permeatility,  gallons  per  toy  pJ'sqSe  “  CoeffioieIrt  <* 

^S^th£^T^if^°.?S°!‘j?4ttoi«'°ri.!ld!aflci.hesa  at  a  certain 
point  within  the  same  aquifer  Generaii^L^^^  hfh1  at  a  Cerent 
or  hydraulic  head  difference  AO  rJ^^v  ^J^®58®1*  as  /dl  or  static 
points  of  interest.  00  by  the  distaace  CD  between  the 

^fSsg^  uZSSSZm  Eurfaca  iE  “  sur- 

lion,  a  given  pSiK  aTaSr  £  rtfe  ta  “«>■«*  “sed  «Us 

or  hydraulic  head  throughout  all*  or  represents  the  artesian  pressure 
aquifer.  037  Part  of  an  artesian  or  confined 


^oviiicu-ge  ana  drawdown.  In  the  uast  it  w  .  .  uco”ceil  ms 

per  minute  per  foot  of  drawdown  ^it’now  ?^  b  expressed  as  gallons 
per  meter  of  drawdown.  •  .  now  is  expressed  as  liters  per  second 

its  own  volume.  The  suecific  iHofri  «-p  .  *  yield  by  gravity  to 

ssr  “•  -  oV^^^Srirs. 

i-T^s^otojLet^  “*a  °f 

ttie  aquifto  per  unit  change  in  head.  The  stora^  c^icSr^T**'* 
fined  aquifers  rauges  fro*  about  0.005  to  0.00S5,  Stocati^  SaJf^T' 
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pressure  changes  over  extensive  areas  are  required  to  produce  substantial 
water  yields.  The  coefficient  is  dimensionless. 


Transmissivitv  (T)  -  Aquifer  transmissivity  is  the  rate  at  which  water 
ifS^SttS  thFcngh  a  unit  width  of  the  aquifer,  extending  through 
the  full  saturated  thickness  and  under  a  unit  hydraulic  gradient  (l.OO 
or  100  percent).  It  has  been  expressed  as  gallons  per  day  per  foot. 
Current  terminology  is  square  meters  per  day. 


Water  Table  -  The  upper  surface  of  the  zone  of  saturation  in  an  ^con- 
SSl  Siller  is  cSled  the  water  table.  It  is  also  defined  as  that 
SSSy iSface  within  an  unconfined  aquifer  at  which  the  pressure 

is  atmospheric. 

The  following  factors  may  be  used  to  convert  English  units  to  the 
metric  or  International  System  of  units  (SI). 


MULTIPLY  ENGLISH  UNITS 
/ 

inches 

inches 

feet 

miles 

acres 

square  miles 
gallons 
gallons 
cubic  feet 
acre  feet 

cubic  feet  per  second 
gaTinns  per  minute 


BY 

25.4 

0.0254 

0.3048 

1.609 

4047 

2.590 

3.785 

0.003785 

O.0283 

1233 

28.32 

0.02832 

0.06309 


TO  OBTAIN  SI  UNITS 

millimeters  (mm) 

meters  (m) 

meters  (m) 

kilometers  (km) 

square  meters  (m2) 

square  kilometers  (km^) 

liters  (l) 

cubic  meters  (m3) 

cubic  meters  (m3) 

cubic  meters  (m3) 

liters  per  second  (l/s) 

cubic  meters  per  second  (nP/s) 

liters  per  second  (l/s) 
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State  of  Colorado 

DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 

ISOBATH  MAP  OF  THE  TOP  OF 
THE  LARAMIE-FOX  HILLS  AQUIFER 
IN  THE  DENVER  BASIN,  COLORADO 

Grouftd-Wator  tnvMligatioot  J.C.  Remora,  1975 
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airfaca  contour  lor  1970, 

Contour  tntarvol  100  faat. 

• 

Approitmota  tocotion  of 
known  lo  lop  lha  L-F  aqulfar. 

Stat«  of  Colorado 

DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 


GENERALIZED  POTENTIOMETR1C 
SURFACE  AND  RECHARGE/DISCHARGE 
AREA  MAP.  DENVER  BASIN.  COLORADO 

GrMnd'Wat«r  InvMllMtlofK  _  J.C.Rwaaro.lB'M' 


B7600012  (8) 


00800*00(0) 


B7600012  (0) 


008009-00  (9) 


Slat*  of  Colorado 

DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
STRUCTURE  CONTOUR  MAP  OF  THE 
TOP  OF  THE  ARAPAHOE  FORMATION 
IN  THE  DENVER  BASIN, COLORADO 

CrauNd-Wstar  hwMti^iow  J.C.RWMra,197S 
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